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CHAPTIER 1
INTRODUCTION

A. Introductory Remarks and Statement of the Problem

The aim of orthodontic therapy is not only to establish static
"normal Geclusion” and acceptable dentofacial esthetics, but also it is
concerned with the establishment, maintenance and restoration of the
dynamics of the stomatognathic system. To achieve this end and to have
a stable and lasting result, the teeth then, must be placed in a position
that will be in harmony, not only with the supporting structures and
temporomandibular articulation, but with the muscles that move the
mandible as well and form the surrounding medium about the teeth.

It is a widely accepted fact that the musculature of the
stomatognathic system plays an important role in the shape of the
dental arches and in the stability of the occlusion. Since the site of
some of the sensory receptors that influence the neuromuscular
mechanism conmtrolling mandibular movements is the periodontium, and
gince it is conceivable that orthodontic forces can change stimuli to
the periodontal proprioceptors, it may be expected that this change can

in some way influence the muscular behavior of the stomatognathic




system,

The literature dealing with electromyographic studies of the function
of these muscles is becoming more abundant every day, however, it
cannot o¢ disputed that more research in this field is needed to contricute
to a more complete understanding of the function of the muscles of the
stomatognathic system. Although some investigators have shown that
changes in muscular behavior does occur as a result of orthodontic
treatment Moyers (1949), Jarabak (1954-1956), Zwemmer (1953), Karau
(i956), Ahlgren (1960), and others, few have attempted to investigate
the change in neuromuscular function during the full spectrum of
orthodontic treatment.

The purpose of this study is to investigate clectromyographically
the iehavior of the temporal and masseter muscles before, during and
aiter orthodontic treatment; that is, what effect, if any, does the change
in sensory input due to the change in position of the teeth as a result
ol orthodontic movement have on the motor output to thes: muscles.
The orthodontic procedures used in this treatment differ from other
orthodontic methods in that light forces generated from highly resilient

light wires and latex clastics were used, thus the forces were much

v




lighter than those customarily obtained from an edgewise mechanism.
This part of the study will compare the behavior of the temporal and
masseter muscles during the final stages of orthodontic treatment with
the behavior of these muscles prior to treatment. It is hoped that any
neuromuscular changes in the behavior pattern of these muscles during
this final stage of treatment may be detected.

This is a continuation of a longitudinal study begun by Widen,

Asahino and Shanahan (1960) and followed by Zylinski and Fleming (1961).

B. Review of the Related Literature

1. Anatomy

It is generally conceded that a knowledge of structure must precede
a study of function. A better understanding of the functions of the
muscles involved in this study can only come after a basic knowledge
of their anatomy and of the anatomy of the temporomandibular articulation
Most of the following material has been taken from Sicher (1960) and
Gray's Anatomy (1960).

According to Sicher (1960). "All muscles that are attached to the
mandible have an influence on its movements and positions." The

mandibular musculature can be divided into two groups, the muscles of
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mastication and the suprahyoid musculature. The mandibular musculature
thus upon the mandible either irom: the cranium or from the hyoid bone,
Sicher states:

Knowledge of the action of the individual masticatory

muscle is a necessary premise to an understanding of their

function during the movements of the mandible. These

muscles, in conjunction with the suprahyoid musculature,

work in groups as do other muscles in the body and not

as individual umits.

The four muscles of mastication are the masseter, the internal
pterygoid and the temporal which exert their power in a vertical direction
and are powerful elevators of the mandible, the fourth muscle, the
external pterypgoid exerts its power in a horizontal direction and protracts
the mandible., All of these muscles receive their nerve supply from the
motor portion of the trigeminal nerve through the mandibular division,

Since the masseter and temporal muscles are the ones that are
being dealt with in this study, they will be described in detail.

The masseter muscle is thick and quadrilateral in shape, and
consists of two portions, a superficial and deep, which are incompletely
divided. The larger superiicial portion arises by a thick tendinous

sheath from the zygomatic process of the maxilla and from: the anterior

two-thirds of the inferior surface of the zygomatic arch. The fibers
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run backward and downward, to pe inserted into the angle and the lower
half of the lateral surface of the mandibular ramus. The smaller, deep
portion arises from the posterior third of the inferior border of the
zygomatic arch and from its whole medial surface. Its fibers pass
downward and forward to inset into the upper half of the ramus and

the lateral surface of the coronoid process of the mandible. The fibers
of the two portions are continuous at their insertion.

The fan shaped temporal muscle is broad and radiating and is
situated at the side of the head. It arises from the entire temporal
fogsa and from the deep surface of the temporal fascia. The fibers
converge as they descend, and end in a tendon, which passes medially
to the zygomatic arch and is inserted into the medial surface, apex
and anterior border of the coronoid process of the mandible. This
tendon also continues downward inserting on the anterior bhorder of the
mandibular ramus almost as far forward as thes last molar tooth. Its
most posterior fibers, because of their oblique direction downward and
forward, have a retracting component.

The basic functioning component of muscle is a2 motor unit. A

motor unit was first described by Sherrington and Liddell (1925) and




later by Clark (193i) and Ly Best and Taylor (1958). It consists of an
anterior horn cell and its axon or nerve fiber which divides into a
varying number of branches and supplies a corresponding number of
muscle fibers. EHach axon bronch of the motor nerve fiber loses its
myelin sheath as it approaches the muscle fiber for which it is destined
and terminates as a flat expansion on a specially organized structure
known as the motor end-plate. This contact (there appears to be no
actual union) is called the neuromuscular or myoneural junction. It
exhibits many of the properties of the synapse existing hetween neurons.
The ratio of muscle fibers to neuron in the temporal and masseter
muscles may range from 1:110 to 1:165, In addition to the motor nerve
supply, the motor unit has a sensory nerve supply.

As described by Best and Taylor (1938) and by Jarabak (1954) and
(1957) the arrangement of the muscle fibers and the motor units in the
muscle is in accordance with the function that the muscle performs.
Thus, the fusiform and long strap like muscles have their fibers and
therefore, their motor umits, arranged in a chain or series so as to
provide contraction over a great distance with speed. The quadrilateral

or rhomboid muscle has its fibers and motor units arranged side by
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side in a parallel manner, thus providing preat power over a shorter
distance, The triangular shaped muscles have their fivers and motor
units arranged so that the fibers pass from either side to a central
tendon in an oblique direction. This arrangement is called bipennate
(like a feather). In some muscles, only half of the “feather” is
represented and is so termed unipennate. This arrangement provides
both power and speed. Thus muscles of mastication are made up of
combinations of these arrangements. Usually more than one arrangement
being present in each muscle and sometimes as many as three...

The temporomandibular articulation is a ginglymoarthrodial, or
sliding hinge joint. The parts entering into its formation are (1) the
anterior part of the glenoid fossa of the temporal bone, (2) the articular
tutercle above and (3) the mandibular condyle below and, (4) the articular
disc interposed between the latter two. The joint consists of two
separate cavities, each with its own synovial lining, the two cavities
being separated by the articular disc. The ligaments that make up the
joint, according to Gray's Anatomy (1961), are five in number: (i) the
articular capsule, (2) the temporomandibular ligament, (3) the spheno-

mandibular ligament, (i) the stylomandibular ligament, and (5) the articular
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disc. When the jaws are opened and closed, movement takes place

in both parts of the joint; the disc glides on the articular tubercie, and
the condyle moves like a hinge on the disc, causing the mandible to
rotate about a center of suspension near the angle of the mandible,
sccording to Gray's Anatomy (1961) '"This somewhat moveable Center
is provided by the artachment of the sphenomandibular ligament to the
lingula, and the sling formed by the massetexr and thi. terygoideus

internus.

2. Histology and Histologic Background

Basically this study will deal with muscle and nerve tissue as
related to the neuromuscular mechanism of the stomatognathic system
and also, the periodontium, the site of certain sensory receptors that
help control movements of the mandible during mastication. Therefore,
some description of the histologic strucutre of these tissues and of
the sensory receptors of the periodontal memirane, skeletal muscle
and tendon is warranted in this discussion.

Skeletal or voluntary muscle as described by Maximow and Bloom

(i332) has as its basic unit the muscle cell or muscle fiber, These

muscle fiters are lony and cylindrical in shape and taper at the ends to




a point. The cell is multinucleated and is coverea Ly the cell membrane
or sarcolemma, it is thought to be the product of the cytoplasm. The
muscle fiber is striated in the longitudinal and transverse directions.
These striations depend upon the fact that the filer consists of two parts;
(1) the protoplasmic mass, or sarcoplasm and (2) thin cross striated
fibrils, the myofibrils, The chief solid mass of the muscle fibers
consists of several proteins, the most important of which are myogen,
and actin combined with myosin, These are the contractile elements of
the muscle. The nuclei are usually flattened in the direction of the long
axis of the fiber, vary in number, and are usually iound just beneath

the sarcolemma. Myofiirils, under the electron microscope, have been
found to consist of myofilaments. These myofilaments are thought to se
the actin and the myosin.

Several combpined muscle fivers form a primary bundle, and
several primary bundles combined are called a secondary bundle and
several secondary bundles combined are called a tertiary bundle and so
on. A skeletal muscle then, is composed of muscle bundles varying in
size and number. Between the fibers, inside the muscle bundle is a

connective tissue covering called the endomysium, between the muscle
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Hundles, the connective tissue covering is called the perimysium and the
connective tissue covering of the anatomical muscle is the epimysium.
wrhere a muscle is attached to a tendon, there is a close union of the
muscle fibers with the collagenous bundles of the tendon.

The cells within the nervous system which carry out its special
function are called neurons. The neurons, accocding to Maximow and
Bloom (1952), have a body made up of a nucleus and surrounding
cytoplasm, called the perikaryon. The cytoplasm of this cell expands
into a numoer of processes usually comprising several short dendrites
and only one axis cylinder or axon, which may have a great length. The
relatively large nucleus has a thin, clear nuclear memlrane, and in
most cases a large prominant nucleolus. The c¢ytoplasm of the cell
body is called the ncuroplasm in which is found, neurofribls, chromophile
substance, mitochondria, golgi apparatus and various inclusions.

The nerve fiber, according to Best and Taylor (1952) is the
elongated extention of a nerve cell, whose body is situated in the central
nervous system or in an outlying ganglion. The peripheral nerves are
nerve trunks and are made up of nerve fibers, often in great numouer,

bound together in bundles. These bundles are made up very similar tc




ihe muscle bundles and the various conneCtive tissue coverings are
narred endoneurim, perineurium, and Cpincurium, being analogous to
the <ndomiysium, perimysium and epimysium, respectively, ol muscle.
“ach nerve fiver entering into the composition ot the peripheral norves
consists of the axis cylinder and a fatty shcath called the myelin sheath.
The layer of myelin enveloping the axis cylinder is enclosed in turn

iy a thin transparent, nucleated membrane, the neurilemma or sheath
oi schwann. This myelin sheath is interrupteG at regular intervals, and
almost comes into contact with the axis cylinder. These constrictions
are calied the Nodes of Ranvier.

The proprioceptors associated with skeletal miuscle are the muscle
spindics, the golgi tendon organ, and the Pacinian corpuscles. MNuch of
the following material has ODeen taken from Fulton (i943), Cranit (1935),
Fulton and Rich (i960), and Best and Taylor (i9538).

The muscle spindle, named vy Kuhne (1863), and shown to ue
sensory by Sherrington (1894), was {irst described histologically by
Ruffini (1892-1898). It is a complex of sensory c¢nd organs and muscle
fioers which lie in the ilesh substance of the muscle and emirace

one or more modified muscle {ilwers called intrafusal musciez jiters.
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‘The principal nerve ending spirals irregularly around the mid-portion of
the intrafusal fibers and forms an annular band which is invested in a
connective tissue capsule containing tissue fluid, The intrafusal fibers
have motor innervation and possess a motor end-plate and a secondary
“flower spray” sensory ending. These muscle spindles are found in all
anti-gravity muscles, and in some flexors and are called the “stretch
afferents’’. Mechanically they are in "parallel” with the muscle fibers
and are affected if the muscle is stretched passively, if, however, the
muscle coatracts, the tension being maintained by the other muscie
fibers; the spindle is not affected.

The golgi tendon organs or tension recorders, unlike the muscie
spindle are affeccted whether the muscle is stretched passively or is
actively contracting, as in either instance, the tension on the tendon :s
present. They are usually found at the musculotendinous junction at
the ends of a muscle, well away from the tendons of origin and insertion.
tach tendon organ is supplied by a single large myelinated nerve fiber
which divides many times as it reaches the ending, cach branch
terminating as a fine spray of nerve endings that lie between the strands

of tendon. The whole or;an usually has a thin capsule,
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The Pacinian corpuscles or °nd organs are found most commonly in
tondon sheaths, and are endings of deep pressure sensibility, In structure
they resemble an onion with concentric layers of {ibrous tissue capsule
and a knotted central fiber.

The periodontal ligament, according to Schour (1960) is the comnective
tissue which (1) fills the space between the surface of the root of the
tooth and the wall of its alveolus, (2) surrounds the root occlusally from
the border of the alveolus, and (3) supports the gingiva. Three layers of
firers may be distingzuished, the alveolar fibers, the cemental fibers and
the plexus intermedius between them. The fibers of the periodontal
ligament assume a direction which corresponds to the different stresses
placad on the tooth at various levels of its root. Black (1887) has
classified them intor (1) {ree gingival group, (2) transeptal group,

(?) alveolar crest group, (4) horizontal group, (3) oblique group and

(6) apical group. The undifferentiated or mesenchymal cells of the
periodontal ligament are multipotential in that they arc capable of
forming either bone, cementum or connective tissue. Most of the
studies on the inpervation of the periodontal membrane agree that the
neural source is derived from the apical region and alveolar bone

o g
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groper opposite the root surface. Descriptions of the mode of terxﬁinatim
of the nerves of the periodontal ligament still differ f{rom investigator to
investigator,

The nerve supply, described by Schour (i960) is very rich in
myelinated fibers. They enter the periodontal membrane with the blood
vessels and follow the same course. As the nerves ascend gingivally,
they give off terminal branches which innervate the stroma of the

eriodontal ligament.

Bernick (1957) using; monkeys as well as human material, studied
gsections in which collagenous and precollagenous tissue had been removed
by protzolytic ¢nzymes prior to staining, thus, getting a much clearer
picture of the nerves in the area which had been difficult to do previously
because of the affinity of the staining material for collagenous material,

e stated that the nerves supplyinz the periodontal membrane
arise from two sources: (1) branches from the dental nerve itself
which innervates the periodontal membrane buccally, lingually, mesially
and distally as they proceed gingivally, (2) from the interalveolar
nerves which perforate the cribiform plate at various levels to unite
with the ascending dental nerves. The combined nerve bundle proceeds

gingivally and offshoots arise which end in the connective tissue of the

v
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periodontal membrane., Up to this point Bernick's findings are in

gencral agreement with those of most investigators who have studied this
arza. The nerve f{iber may pass in close proximity to the alveolar

bone or cementum, according to Bernick. Hc also found: At their
seripheral endings they unite to form a fine arborization. From this
delicate network, very fine {ilaments arise which finally terminate among
the stroma cells, cementoblasts and cementum, * These endings were
not myelinated. He also oiserved medullated nerves in the memirane
which upon losing their myelin sheath, terminated in an elongated
spindle-like strucutre found mainly in the lower one-third of the root.

Vany of the investigations carried out on the innervation of the
periodontal memuorane have dealt with the presence or absence of nerves
and neural endings in the supporting structures of the tecth.

Dependorf (1913) reported definite endings of neurofibrils in the
periodontal membrane. He described networks of neurofibrils ending in
fine pointed processes in the cementoblastic region. Dependorf also
described some of the nzurofibrils of the periodontal membrane as
entering the cementum and terminating in the cementoilastic layer.

Kadanoff (1936) ouserved neurofiirils ending in terminal plexi in




16

which some of the fibrils had knoblike swellings. Kadanoff did not
o-serve endings in the cementoblastic layer that [Nependorf had reportaed,
wadanoff said that neurofiorils, which entered the cementoblast layer,
looped vack into the connective tissue of the periodontal membrane,

Van der Sprenkel (1930) reported the following in the periodontal
memorane: (i) 'tind-rings”, provided with a periterminal network, lying
flatiy on coﬂagen bundles, individually inervated and situated necar the
alveolar wall, (2) terminal networks around connective tissue nuclei and
(3) a nervous network from which nerve fibers go into the dentin to end
in a very delicate ring inside the dentinal tubules. He postulated that
these neural endings, both in the dentin and in the periodontal membrane
were adequately stimulated by change in form corresponding with tension
and pressure placed on the dentin and periodontal membrane respectively,
during: function. e stated: ""Thus, the intradentinal endings collaborate
with the periodontal endings in supplying the necessary stimuli {or reflex
regulation of the chewing mechanism. "

Bradlaw (1936) supporting Kadanoftf's findings also reported sceing
terminal neural coils in the periodontal membrane appearing near the

cementum and turning vack on themselves after approaching the cementum.
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He did not ol:serve the nesural rings reported by Van der Sprenkel,

Lewinsky and Stewart (i937) oiiserved terminal networks in the
periodontal membrane formed from the neural fibrils breaking up into
fine arborizations. Many of these small terminal fibrils ended in small
rounded bodies. These they concluded, on the basis of Stewart's work
(1927) on pressure localization of the teeth, were probably receptors to
pressure stimuli.

Rapp, Kerstine and Avery (1957) reported large neural trunks
located centrally in the periodontal memurane passing gingivally, fine
neural fibrils entering the periodontal membrane from the alveolar ione
proper, running both apically and gingivally, organized, cncapsulated
neural terminations throughout the memuorane, these were ovoid and
congisted of interwaving fine neural fitrils, neural coils were observed
along the surface of the cementum, other fibers passed toward the
surface of the cementum but before contacting the surface, curved back
into the periodontal memirane.

The investigations of i.ewinsky and Stewart, Bradlaw and Bernick
agree in that many neural bundles pass gingivally in the periodontal

memirane in a location either near alveolar bone or along the cemcntum,
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Rapp's undings disagree with these in that he states that the neural
oundles are located centrally in the periodontal memiranz, The fact
that neural f{ibrils enter the periodontal memirane irom the alveolar
Lone proper was shown Ly almost ali investigators. lLewinsky and
stewait, Bradlaw, Kadanoif and Rapp all agrze that upon agproaching the
cernantun, the neural fibrils turn ack on themselves and end in the
periodontal imembrane. Oualy Bernick and Dependor{ and Van der Sprenkel
reported secing these neural fibrils entering the cementurn. Rapp was
the only investigator that reported seeing encapsulated neural terminations
throughout the periodontal memirane.

Brashear (1930) in demonstrating nerve f{ibers of all sizes in the
periodontal memuorane concluded that there is good reason to believe
that through its supply of nerve fivers of all sizes, the periodontal tissue
vecon:es the organ of touch of the tooth, as well as responding to other

stimuli.

3. Physiology of the Neuromuscular Mechanism:
An understanding of the reflex nature of the neuromuscular
mechanism controlling rmandi: ular movements during mastication is

©ssential in any investivation atterspting to evaluate the adaptability of

PN
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certain masticatory muscles to a change in tooth position, or, as it were,
2 change in sensory input.

Much of our understanding of the function of the central nervous
system and muscular co-ordination has its basis in the early work done
by Sir Charles Sherrington.

Sherrington (i1906) described the reflex arc as consisting of a
receptor, conductor and effector, and as being “the unit mechanism of
the nervous system when that system is regarded in its integrative
function. "

Creede (1932) described a simple reflex arc as consisting of:

The inward parth, which is composed of a receptor
organ connected to an afferent nerve-fiber., Afferent nerve-
fibers enter the spinal cord by the dorsal roots.

The nervous (or reflex) center in the central nervous
system.

The outward path, composed of an efferent nerve-
fiber and an effector organ, e.g., muscle or gland.
Cfferent nerve fibers leave the spinal cord Ly the ventral
roots.

"Co-ordination, therefore, " said Sherrington, "is in part the
compounding of refloxes,

Hering and Sherrington (1897) ontained by electrical excitation of
the appropriate centers of the cercbral cortex of monkeys and cats,

some remarkable instances of, what Sherrin ton termed, “reciprocal




innervation”. They found that upon cxcitation of the appropriate focus in
the cortex an immediate relaxation of the extensor muscles occured with
a corresponding contraction of the flexor muscles. This pointed up the
fact that the central nervous svstem is organized, not in terms of
anatomical segments, but in movement patterns. It is this phenomenon
that makes possible the smooth, co-ordinated movement of limbs and
oy and also yoverns the speed and smoothness of movemsants of the
mandiizle during mastication.

Sherrington (1906) in a paper on the proprioceptive system classified
the sensory receptors into three groups: (i) the citroceptors, which
receive stimuli from the external eavironment of the animal (the special
senzes such as sight, smell and hearing are classified as teleceptors as
thev nerceive stimuli at a distance), for instance heat or cold, (2) the
interoceptors, which receive stimuli from the internal environment of
the animal, or alimentarv environment such as the gastrointestinal tract,
and (3) the proprioceptors, or receptors which lie in the deep tissues
and are adapted for excitation by changes in the organism itself and
give a sense of position and bodily movement in space. These receptors

are found in the skeletal muscles and their tendons, in joints and in the
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lauyrinthine sense organs. Sherrington descrited the cerebellum as "the
neacd ganglion of the proprioceptive system”, through which all proprio-
ceptive impulses are apparently integrated. [t is this propriocaptive
system that governs posture or bodily attitude and imparts smooth
function to raflex movements. Certain proprioceptors such as those in
the poriodontal membrane seem to have an early protective purpose,

sherrington (1898) described “decercbrate rigidity” and pointed out
that thig indicated that tonus was not distriiuted indiscriminately in
limi muslces of all vertebrates but that it occurred most markedly in
the muscles that counteract the action of gravity, He described the
decerzirate preparation as "an exaggerated caricature of reflex standing,
the limbs are vigorously cxtended, the jaw tightly closed by the masseters
and the tail extended”. The exaggerated extensor response which
Sherrington described is now known to be duec to the stretch reflex or
myotatic reflex, which is mediated through the receptors (proorioceptors)
lying in the muscle itself, the muscle spindies,

Sherrington (1917} in working on jaw reflexes of the cat, was able
to evoke regularly, with blunt pressure, the opening of the jaws upon

stimulation of the gums and the teeth of both jaws and the front part
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of the hard palate. This reflex was also evoked by stinulation of the
proximal segment of the cut afferent superior alveolar nerve., Thus, it
is seen here that the removal of central inhibition by removal of the
carebral cortex causes reflex closure of the jaws due to mvotatic
reflexes and reflex opening due to the application of a noxious stimulus
much like the ipsilateral flexion reflex obtained in a limb. Yeraz, then,
1= an example of the compounding of reflexcs into the co-ordinated
masticatory movement,

Sherrington said: 'the jaw reflev undzr a series of repetitive
stimulations results in a masticatory movement, the openings of the jaw
occurring with the stimulations, the closings by strong rebounds between
the stimulations”.

Denny-Brown (1929) using the string galvanometer observad that as
the stretch stimulus on 2 muscle was increased more and more motor
units came into play. The seconday and tertiary action currents arising
fron: additional anterior horn cells.

Adrian and Bronk (i927) corronorated Denny-8rown's findings.

They ontained action currents from single units in muscles, but instead

of using the stretch reflex as did Denny-Brown, they used microdissection




of the motor nerve to the muscle, thus, they were able to isolate two

or three fibers, the remaining fibers being sectioned. Their obsarvations
indicated that the stronger the stimulus, the more rapid the rate of
discharge of the motor units, therefore, it can be seen that here is
another mechanism for gradation oi the speed and smoothness of the
contraction of skeletal muscle.

Allen (1919) showed that the mesencephalic trigeminal root contained
poth ascending and descending fibers. The ascending fibers have their
orizin from sensory czlls in the semi-lunar ganglion, and the descending
finers from glooular, unipolar cells in the alar (sensory) plate of the
mesencephalon, and {ron: the caudal continuation of these cells which
extend downward into the motor area of the pons. These two groups of
mesencephalic root fibers join upon entering the pons to form the
mesencephalic root or tract. He ifelt that the ascending mesencephalic
root fi.ers were mainly sensory but contained some muscle sensc fibers
and that the descending mesencephalic root fibers were concerned maialy
with muscie sense., It was stated that many fibers and collaterals iromn
toth the ascending and descending mesencephalic root fivers went to

the trigeminal motor nucleus and to a group of small cells situated
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medial and dorsal to the trigeminal sensory nucleus. ""The former®,
Allen said, “evidently form reflex arcs with the motor cells and the
latter may e a muscle sense relay station to the cerebral cortex.”
It is in this manner that the impulses from proprioceptors in the
masticatory muscles and their tendons, temporomandibular joints, and
periodontal membrane can be mediated through reflex arcs or pass on
to higher centers in the brain. Thus, the masticatory mechanism can
be reflexly or voluntarily controlled.

Pfaffman (1939) confirmed the fact that the periodontal membrane
is richly supplied by nerve endings, which are sensitive‘ to mere pressurs
or touch. He also found that pressure thresholds of the teeth before and
after removal of the pulp is little changed as measured {rom action
potentiala obtained from the cut end of the superior alveolar nerves,
He also noticed sudden movements of the mandible on sectioning of these
nerves. He demonstrated unidirectional sensitivity of the periodontal
endings, which is the basis for accurate localization of the stimulus
applied to the tooth, as shown by Stewart (1927). The fact that a rich
tactile response may ie outained after destruction of the apical nerves

agreecs with the histologic findings that the majority of the nerves to the
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membrane come from the alveolar plate itself (LLewinsky and Stewart,
1937, Van der Sprenkel, 1936, Bernick, 1957 and Rapp, 1957)., Pfaffman
further related the egtreme development of the pressure sensitivity, which
he demonstrated, to the reflex control of mastication. As Sherrington
(1917) demonstrated reflex opening of the jaws to pressure stimuli, so
did Pfaffman using faradization of the central end of the sectioned
alveolar nerve.

Corbin and Harrison (1940) and Corbin (1940) working on the
peripheral distribution of those fibers arising from the mesencephalic
nucleus of the trigeminal nerve considered the larger cells of the
mesencephalic nucleus to be the cells of origin of the afferent fibers of
alveolar and palatine nerves concerned in the reflex control of mastica-
tion. They demonstrated electrical activity from the mesencephalic tract
when the masticatory muscles were stretched passively by depression
of the mandible. They concluded that the pressure sensations elicited
from the periodontal membrane, and muscle and tendon proprioceptors
of the jaw would then serve to control the force of the bite, preventing
damage to the teeth, gums and palate. They said that impulses arising

from the teeth, gums and palate would then, not only inhibit activity of the
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mandibular elevators through the inhibition of the motor nucleus of the
trigeminal, but also actively eclicit jaw opening through reflex stimulation
of the motor nerves supplying the mandibular depressors. They state
that the physiological c¢vidence of Sherrington (1717) and Pfafiman (i939)
in conjunction with their anatomical findings, suggest that the mesen-
cephalic root tiocers to the periodontal membrane and palate and those
to the muscies of mastication scrve to control the force of the bhite as
a protective measure and also reflexly control mastication.

Szentagothai (1948) using the “"bouton degeneration method' traced
the processes of the mesencephalic tract neurons to their termination
in neuromuscular spindles of the masticatory muscles (especially in the
temporal and masseter muscles) as annulo-spiral and flower spray cadingd
Aefore joining the motor root of the trigeminal, he found these processcs
to give reflex collaterals to the motor ganglion cells of the trigeminal
otor nucleus, thus forming & two neuron reflex arc of the masticatory
muscles. He was also ;10 to trace some reflex collaterals from these
srocesses to the motor nuclei supplying the infrahyoid muslces, which are
the antagonists of the masticatory elevators. Cn compaing his results

with those of Corbin and Harrison (1940) he was able to conclude:
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(1) that this was the first anatomical cvidence of the monosynaptic short
refles arc of stretch reflexes postulated by neurophysiologists, (2) it was
groof of the stretch afferent function of the neuromuscular spindles,
(%) that monosynaptic reflex arcs arg reserved strictly for mediation of
the stretch refle< and (4) it is morphological evidence of the existence of
direct inhibitory collaterals from stretch afferents to motoneurons of the
respective antagonists.

Pearson (1949) in a study of the development of the mesencephalic
root of the triceminal in human embryos supported the {indings of carlicr
investigators Allen (1919), Corbin (1940), Coriin and Harrison (1940) and
Piafiman (1939), in that, the connections of the fibers of the mesencephalic
root of the trigeminal with the motor nucleus of the trigeminal and other
motor nuclei of cranial nerves form a direct reflex pathway for co-ordinated
movements of the jaw muscles. However, he felt that the unipolarity of the
cells of the mesencephalic root had teen over-emphasized by many authors,
izading to 4 limited concept of the connections and functions of this system
of fiers. Pearson found many bipolar and miltipolar cells of the moesen-
czphalic nucleus after birth and outlined the connection of their fibers into

the optic tectum and the nuclei of the third, fourth, and (motor) fifth nerves,
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cerelral hemispheres, vermis and centers in the medulla oblongata,

Matthews (1958) showed electromyographically that rather than being
duc to a constant motor discharye the stretch reflex was a true reflex,

The concept of inhibition had {ts origin in the discovery of "asher
and Weber (1845) when they demonstrated that stimulation of the peripheral
end of the vagus ncrve caused temporary cessation of the heart ieat. A
gearch for inhibitory nerves to skeletal muscle was precipitated by many
investigators, however, no inhibitory nerves were ever found to the
skeletal muscles in vertebrates. It was widely concluded that inhilition
must be a central process, and so the term ''central inhibvition™,

Fulton (1943) said . . .as far as skeletal muscle is concerne
inhibition means mere cessation of activity. If a motor nerve could i
instantancously severed without stimulation, its status would be precisely
gimilar to that of having its ventral horn cells inhibited centrally, "

Weiss (1950) in doing recombination experiments by transplantation
of muscles and reversal of limbs in frogs and salamanders concludad
that;

The very fact, that the transplanted muscles contracted

in accordance with their names rather than their positions,
proves that co-ordination patterns are determined centrally,




and that the central patterns, though normally reinforced
by proprioceptive reflexes, take precedence over the
latter under conflicting circumstances.

Jarabak (1954) concisely summarized the function of the neuro-
muscular mechanism in controlling jaw movements:

In addition to the motor nerve supply, the motor
unit also has a sensory nerve supplv. The sensory
nerves carry messages from: the muscles back to the
central nervous system; thus, in a sense they serve as
a “"feed-back” mechanism advising the central nervous
system (most generally on a subconscious level) of what
is taking place in the individual motor units of the
contracting muscles. This feed-back mechanism is
known as the proprioceptive system. Structurally, the
sensory feed-back system leading to the central nervous
system has four types of nerve endings or receptors;
two of them are situated in the substance of the muscle
fibers of the individual motor units, and two are in the
fascia and tendons. Generally speaking, some of the
receptorg found in the muscles send sensory impulses to
the sensori-motor cortex (Gay and Gellhorn, 1949) when
the muscles are passively stretched while others are
activated both by muscle stretch and by muscle contrac-
tion. Functionally this feed-back system acts in a 'braking'
or inhibitory capacity, guiding the degree of contraction
within the motor unit.

In addition to the proprioceptive mechanism found
within the substance of the motor umits, the muscies of
mastication are under the control of still another feed-
vack system whose receptors are located in the perio-
dontal membranes and gingivae surrounding the teeth and
in the mucosa in the floor of the mouth. Through these
raceptors sensory stimuli of touch and pressure arising
from the articulation of the teeth are conducted first to




the mesencephalic nucleus where a reflex arc may be

formed, or they may continue from here to higher brain

centers in the cortex. Thus, it is conceivable to visualize

that a change in the proprioceptive stimuli originating in

the teeth, caused by a malocclusion, may change the

pattern of function of the muscles attached to and respon-

sible for the movements of the mandible.

+. Electromyographical Background

Electromyography is the recording of clectrical changes which
occur in an anatomical muscle or portion of that muscle by means of
an electrode placed on the skin over the muscle or v a needle electrode
inserted into the muscle through the skin, Since the muscle fiiers of
the muscle represent a much larger volume than do the nerve fibers
(motor) and motor end-plates. the recordings represent only the potential
changes of the muscle ficers.

The subject of muscle generated electricity was first cpened by
Redi in 1794, In 1851 DuBois-Reymond registered action currents from
the comtracting arm of a man. Lippman (1872) invented the capillary
2lectrometer which was used for recording tissue potentials., Piper
(1907) and Buchanan (1908) recorded voluntary contractions of the flexors

of the forearm of man using the string galvanometer and the capillay

electrometer respectively., 1.ucas (1909) stated the "all or nonc" principal




31

when he noticed that the degree of contraction of muscle incrzased in
steps as the intensity of stimulation ncreaszd. but that the num'2r of
ateps 18 naver preater than the number of nerve fibers supplying the
muscle, 11 (1921) descrilbed action potential as a minute fraction of
the total 2nergy l: 2rated when a muscle contracts. This eneryy that
appears as clectrical cnergy s picked up and recorded by the electro-
myograph.

The actual clactrical potential produced by muscie s thought to
result ‘rom changes in polarization of the cell memoranes. Thus, when a
stimuluz i3 applied 10 a somatic nerve, a progressive \s}ave of dapolar-
ization continues along the nerve to the muscle. At the myoneural {unction|
the nerve action potential sets up an end-plate action potential or spike
potential by depolarizing, to a critical level, the muscle membrane around
the junction (Fulton, 1953).

Clinical ¢lectromyopraphy was begun oy Proeister (1929) when he
ootained tracings in peripheral nerve paralysis., Otherg followad, and
anplied electromyography to clinical usage in pathologic conditions;
*indsizy (1933). Denny-Prown and Pennypacker (1 938), Denny-Srown and

Nevin (:741) RBuctha! and Ciemmes=n (1931). and Hoefer (i194¢l). 'n (941
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Weddell, Feinstein and Pattle published a complete report on clinical
electromyorraphy.

Noyers (1949) was the first to introduce electromyography into
dentistry. His work puilished n 1949 was actually done after the work
pulished in 1950, Noyers (1930) using unipolar surface electrodes
and needle electrodes, with the ear loixe as the reference, showed the
normal spike potentials for the various muscles of mastication and for
the suprahyoid muscles. He showed that mandilular depression was
orought about by contraction of the external pterygoids and the anterior
sellies of the digastrica. Flevation of the mandivle was brought about
ry co-ordinated action of the medial pterygoids, masseters and temporals.
fe also showed protraction was a result of simultansous contraction of
the lateral pteryroids and retraction by the middle and posterior fibers
of the temporals. He pointed out that the suprahyoids act as stabilizers
in many of these movements. He was also able to demonstrate changes
in muscle pattern from the time of the deciduous dentition to adult hood.

Moyers (i949) considered the role of temporomandiiular musculature
in the genesis of Clase 11 (Angle) dento-facial deformities. He took

recordings before and after treatment and tried to determine if the
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muscular pattern was the etiology or the result of the dental facial
deformity. He concluded that:
No Class II, Division I showed normal spike potentials
from temporomandibular musculature,
Orthodontic therapy can alter spike potentials.

Aperrations in muscle patterns can result from mal-
occlusions.

Inherent deviations from normal can indicate muscle
function as an etiologic factor.

Moyers' findings have important implications in orthodontic
treatment, for in many Class Il cases there may be a distal positioniny
of the mandible and in treatment, the mandible, therefore, should be
brought forward into its normal position to establish the correct molar
relationship rather than an enmasse distal movement of all the maxillary
teeth,

Carlsoo (1952) using autopsy material and anthropometrics deduced
the mechanical tunction possible by the muscles of mastication and the
2xutent of possible movements of the temporomandibular joint. Then
using electromyographic techniques on live subjects he mapped the
muscular patterns associated with the different mandibular movements.

As Moyers did, Carlsoo determined the roles played by the different

masticatory muscles. He found that the temporal played the most.
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important role in habitual rest position and in habitual closure of the
mandible. Carlsoo further stated:

The electromyographic investigation demonstrates that
certain differentiated innervation patterns show a close
agreement between the activation of the muscle portions and
their mechanical qualifications. The distribution of muscular
activity, however, is not in direct relation to their relative
mechanical potentialities. Therefore, the distribution of the
muscular activity cannot te deduced from a knowledge of
mechanical qualifications only, nor according to the principle
of reciprocal innervation alone.

Sicher (1954) in a discussion on positions and movements of the
mandible stressed the following point:

The clectromyograph registers the action potential of a
muscle; that is, it shows when and how strongly a muscle

acts, but it does not and cannot show in which capacity the

muscle activity occurs. Muscles can contract isotonically or

isometrically. If they contract isotonically, they shorten and
retain tension; if they contract isometrically, they tense but

do not shorten and thus retain their length. By isotonic

contraction muscles act as movers, by isometric contraction

they act as holders, stabilizers, positioners,

Pruzansky (1952) reported on findings concerned with the mapping
of clectromyographic patterns of certain facial muscles including the
muscles of mastication. He demonstrated synergistic behavior of the
muscles of mastication during functional movements of the mandible

and showed how the patterns differed with respect to certain disturbances
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in occlusion, and felt that these differences may be correlated with

the efficiency, or lack of efiiciency, of the masticatory mechanism.,

He found synchronous discharge of the temporal and masseter on the
ipsilateral or working side in normal occlusions with diminished amplitude
and frequency of action potentials irom the masseter of the contralateral
side, He stated that the contralateral muscles function to stabilize the
mandible, while the ipsilateral musculature is in a position to exert
maximal tension. Pruzansky found that where he obtained no change in
the muscular pattern in chewing irom one side to the other, the occlusion
was characterized by a deep cuspid overiite rendering the patient
incapable of performing lateral movements. In these subjects, the chewing]
pattern was characterized by "chopping” movements which posed the
question, does he possess a less efficient mechanism” In the masticatory
stroke, maximal activity of the temporal and masseter muscles, he
pointed out, is not achieved until the jaws approach centric occlusion.
Tbe: peak of this force has added dimension in the form of duration
lwhile a “chopping" stroke is short and ballistic and therefore, not as
efficient in trituration,

Geltzer (1953) showed that Ly maintaining variables constant, data
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collected from one time to the next could e reproduced, thus proving
the value of longitudinal electromyographic studiecs. He also stressed
the importance of posture maintenance in longitudinal studies as did
Greenfield and Wyke (1956),

MacDougall and Andrew (1953) in studying the action of the various
components of the temporal muscle found: (1) in the occlusion of the
incisor teeth, there was little activity in the temporal, most of the
activity being from the masseter, (2) protraction showed most activity
from the masseter and retraction from the posterior temporal fibers,
(3) little activity beyond that shown at rest on opening movement,
however, maximal opening resulted in considerable activity over all
these muscles. This last point is most important in that the activity
of the temporal and masseter muscles during opening, which is thought
to be a restraining action against dislocation of the temporomandibular
joint, must be taken into consideration when interpreting integrated
myograms using amplitude as a measure of muscle activity. For
example, in the studies done at Northwestern by Perry and Harris (1954)
and Perry (1953) an integrated graph of the myogram was used to
determine which muscles initiated the chewing stroke in differcnt types

Pl
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of malocclusions. It is possible that some of the activity noted in
certain muscles that they thought were initiating the chewing stroke
were actually amplitudes recorded during the opening movement of
the mandible. This may also be supported by the fact that some of
their findings are in disagreement with those found by a majority of
the investigators working in this area,

Perry and Harris (1954) in comparing normal occlusions with
Class II Division 1 malocclusions used a transformed myogram. The
transformed myogram was accomplished by ruling off five millimeter
intervals on the tracings which at their paper speed made these intervals
equal in time to fifty milliseconds. The amplitude of cach spike potential
within the fifty millisecond interval was measured, totaled, and plotted
on a graph which used time in milliseconds and amplitude in microvolts
as the co-ordinates. The activity of both temporal muscles and both
masseter muscles were plotted on the same graph, using a different
color for each muscle. Inthis manner, they attempted to show the
presence or absence of synchronism.in activity between muscle groups.
They found in normal occlusions as maximum activity was reached,

there was sychrony of temporals and masseters of both sides, the
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temporals showing activity before the masseters. There was more
harmony of action potential discharge when chewing on the preferred
side. They found in the malocclusion group that the temporal and
masseter muscles on both sides reached maximal activity asynchronously.
They also stated that the masseter muscles frequently were the first to
manifest electrical activity and that there was less harmony and
smoothness of action potential discharge on both sides but that there
was less disharmony on the preferred side. It must borne in mind,
however, that these interpretations werc made not from the myogram
itself but from a graph using only amplitude as a basis for interpretation.
Perry (1953) reporting on a study of the temporal and masseter
muscles in Claas Il Division 1 malocclusions and excellent occlusions
using the transformed myogram concluded that the temporal muscle of
the functional side manifested activity before the opposite temporal or
masseter in normal occlusions. This is in disagreement with the work
of Pruzansky (1952) and Jarabak (i954). Both Pruzansky and Jarabak found
synchronous discharge in the two temporals and the two masseters in
normal occlusions. Perry also noted that there was synergy of all the

muscleg during function showing an apparent harmony and correlation of
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muscle activity when there are normal inclined plane and cusp relations.
In the malocclusion group, he found no single muscle unit which appeared
to initiate the chewing cycle consistently, and very little synergy of
contracting units, Perry said: "In all patients (malocclusion) there was
an inconsistent multiplicity of amplitude peaks and a "searching pattern”
in the contraction units." He also states that the preferred side showad
greater synchrony and harmony in both normal and malocclusion groups.
Jarabak (i954) in a study of the adaptability of temporal and
masseter muscles of a cleft palate and harelip subject .(that was surgical-
ly repaired at an early age, resulting in an excessive interocclusal space
of seventeen millimeters), showed by using a chewing medium that offerad
variable resistance and an orthodontic splint that increased the size of
the occlusal table and reduced the interocclusal space to three milli-
meters, that in this patient synchronous firing of the temporal and
masseter muscles was lost both ipsilaterally and contralaterally.
Reduction of the excessive interocclusal space restored synchrony to the
massecter and temporal muscles of both sides and brought back into
action the masseter of the contralateral side that had previously been

electromyographically silent. He described the neuroanatomical structures
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and neuromuscular mechanism governing mandibular movements in detail
and pointed out how there is a distinct relationship electromyographically
between occlusion of the teeth and functional muscular patterns taken
from the temporal and masseter muscles during mastication. He found
that muscular patterns are altered by hardness, size, resistance of the
chewing medium, occlusion of the teeth and interocclusal space. By
comparing subjects having a malocclusion and & normal occlusion he
concluded that the function of the temporal muscles in normal occlusion
is to elevate the mandible and that of the masseters is to give power to
the masticatory stroke; in the subject with the malocclusion the temporal
provided both functions, therefore, although there may be a division of
labior vetween the two muscles in normal occlusion, the temporal muscle
is capable of doing all the work. Jarabak stated: "It may be logically
assumed that one cannot ascribe a true function to any given muscle

for any given time. The function of the muscles is generally predeter-
mined by the status-quo of the body in space.” Jarabak's findings were
based on a thorough interpretation of the myograms taking into consider-
ation amplitude, duration, form, bursts of activity and areas of inhibition.

It is interesting to note that although his findings do not agree with some
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of those of Harris and Perry (1954) and Perry (1955), his findings
corrobrate those of most of the other investigators, Moyers (1949),
Pruzansgky (1952) and MacDougall and Andrew (1953).

Zwemer (1955) in working with cleft palate patients with ingufficient
maxillary development compared the response of the temporal and
masseter muscies in carrying the mandible irom rest to occlusal
contact in these patients, with normal occlusion patients. He showed
that the temporals are primarily responsible for the closing movement
of the mandible in patients with normal occlusion and normal inter-
occlusal gpace, but in cases with excessive interocclusal space, there
was an increase in action potentials from the masseters and temporals
of hoth sides which returned to normal when restoration was made to
normal interocclusal space with a prosthesis. It is important to note
that the gravimetric technique used by this investigator in interpreting
his data is a possible source for the incorporation of great error.

Jarabak (1956) showed electromyographically that subjects having
temporomandibular joint dysfunction symptoms showed a spasticity of
the posterior temporal fibers during rest position immediately after

talking or chewing, and that this spasticity could be eliminated after
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function when occlusal interferences were eliminated. He also showed, in
subjects where occlusal interferences were eliminated by the use of a
gplint, that spasticity returnad when the splint was removed. Jarabak
concluded on the basis of these findings that the behavior of skeletal
muscle is an index to the state of the motor center (lower motor neuron)
and that temporal muscle spasms occur simultaneously with functional
disturbances of the temporomandibular joint and may have their etiology
in occlusal interferences of the teeth., He attributed deeply seated
muscle pain to physiochemical changes in the spastic muscle.

Karau (1956) in working with orthodontically treated occlusions and
untreated malocclusions of the teeth, ovtaining readings bilaterally, of
the masseters and middle temporals, found that during deglutition and
mastication untreated subjects showed more temporal than masseter
activity with the situation being the reverse in treated subjects., He
also found that in both groups one temporal consistently showed greater
activity than the other regardless of which side was the functional side.
His findings indicated that the temporal was best suited for movement
and positioning of the mandible, while the massecter was best fitted

for function as a power muscle (Jarabak, 1954). Karau concluded that
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harmony in occlusal relations of the teeth is the primary determinate of
excellent muscle function rather than the sagittal relation of mandible
to maxilla,

Greentield and VWyke (1956) tried to determine if a pattern of
muscular co-ordination for various movements of the mandible in the
normal individual could be identified and compared with such patterns
found in cases of malocclusion. They found thar although an underlying
electromyographic pattern of reflex muscular co-ordination could be
demonstrated, they could not make absolute comparisons between cases
due to variations within groups, This is in direct contrast to most
findings of earlier investigators. They stressed the importance of
head position and electrode placement in longitudinal studies. They
also concluded that bilateral recordings and recordings of homologous
muscles working together were of more significance than unilateral
recordings and that minor variations in muscular patterns exist between
individuals with normal occlusions. They stated: "Any one movement
involves a fundamental pattern of activity which is consistent from time
to time in any one individual, and is similar from individual to individual.’

Latif (1957) using bipolar surface electrodes, studied the temporal
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muscle electromyographically in normal occlusions. 2 concluded that
his surface clectrodes compared favoraily with the necdle clectrode.
Some of his findings ware in disagrecement with thos:e of Moyers (i 95(),
however, he was able to oitain Moyers results using the same method
ag Moyers, e attributed the difference in findings to the difference
in clectrodes gad the {act that placing the reference electrode on the
car loue as Moyers had dome introduced extraneous clactrical activity
into the recordings because the referencoe clectrode was "too far away'.
“lis {indings that the tzmporal maintains posture, the posterior fibers
2eing the more active, thus differed from Moyers' conclusion that in
normal occlusion cqual activity e<ists in both anterior and posterior
temiporal fibers, His further findings were that during maximal opening
of the mouth, the temporal acts as an antagonist and preveats the
emporomandilular joint from: being dislocated, the temporal is a very
active elevator of the mandible and doos not play any part in protraction,
and also retracts the protruded jaw, thus supporting the findines of
Jaralak (:754) and MacDouzall and Andraow (19372),

Rlenker (1957) in an electromyvoyraphical conparison of Class 111

malocclugions with normal occlusions showed, by studying the suprahyoids
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and the masseters, that there was co-ordination of muscular activity and
also a definite lack of synchrony found in bLoth groups. This indicates
that improper relation of maxilla to mandible does not necessarily

affect muscular activity adversely when harmonious functional occlusion ie
present. Blenker said “"Disharmony of intermaxillary tooth comtact
during function, rather than the adverse relationship of skeletal parts of
the facial compiex per se, may Le the cause of poor muscle pattern
found in some Class Il subjects. "

Greenlicld and Timmas (1957) in doing eleczrmyog?aphic studies on
orthodontic patients before and after treatment, stressed the importance
of taking bilateral recordings. Their studies indicated that lateral
deviations could e shown by comparing the time of onset of activity of
the two sets of posterior temporal fibers, and that the antero-posterior
pogitions of the mandicle Ly the time of onset of activity of the masseter
{superficial and deep fisers), They drew no conclusions, however, as to
the adaptability of the temporal and masseter muscles after orthodontic
treatment.

Jarabak (1957) in studying the effect of excessive and insufficient

inter-occlusal space on temporomandibular musculature, found tension
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in the mandibular elevators in cases with insufficient inter-occlusal
space, and spontaneous hyperactivity in those with excessive inter-
occlusal space. He concluded that electromyography could be used
clinically tc a great extent in establishing a correct vertical dimension.

Hickey, Woelfel and Rinear (1957) studied the influence of over-
lapping electrical ficlds on the interpretation of electromyograms. They
found that: (1) electrical activity thought to be originating from certain
muscles or arecas may actually be overlapping electrical fields from
other muscles, (2) electrical activity from the mid-portion of the
masseter during uncontrolled opening or lateral excursions, is thought
to arise from the external pterygoid, (3) reference points, such as ear
lobes, are not necegsarily inactive, (4) overlapping electrical fields may
cause incorrect interpretation of the myograms leading to erroncous
conclusions, (5) overlapping fields of electrical activity should be
recognized and comsidered in the interpretation of the electromyograms.

Hickey, Stacy and Rinear (1957) using monopolar surface electrodes
and Moyers' method of electrode placement, studied electromyographically
the mandibular muscles during basic jaw movements. They used a

transformed myogram in interpreting their findings. Their conclusions
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were in general agreement with those of other investigators concerning
muscle action during various jaw movements. They also state that
electromyography does not indicate movement but only shows an increase
or decrease of electrical activity of a part and makes no distinction
vetween isometric or isotonic contraction,

Poritt (1957) studied the effect of occlusal interferences, which were
placed by means of inlays, rizctromyographically on the temporal and
masseter muscles. He concluded thatt (1) a single restoration with
occlusal interference is enough to alter the contraction pattern from
bilateral symmetry and balance to an assymmetrical pattern, removal
of interferences restores the original pattern, (2) occlusal interferences
can inhibit muscle activity during mandibular movements, muscles adopt
an occlusal position for efficient movement shortly after interferences
are placed, (3) the location of the area of interference on the tooth is
more important than the location of the tooth in the mouth as regards
to the effect on the muscular contraction pattern. He also found the
temporal to be more sensitive than the masseter in response to occlusal
interference., This scems to be in general agreement with what has been

found Ly most earlier investigators.
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Sutton (1960) compared electrodes for electromyographic procedures
to determine the effects different electrodes would have on electro-
myographic records. He found that needle electrodes and surface
electrodes did show comparaile voltages and that similar electrodes
recorded differently depending on their position in or on the muscie,

Ahlgren (1960) in an electromyographic investigation of the response
of mandibular musculature to activator therapy found that reflex activity
can be changed to a new and more faborable contraction pattern, the
new pattern heing reinforced and maintained by afferent signals from the
periodontal membrane of the teeth, whose intercuspation has been
improved by the treatment,

Bjorg (1960) also did work on the effect of activator therapy electro-
myographically on the temporal and masseter muscles. e found that in
distocclusion cases after insertion of the appliances, that increased
activity was noted in the posterior temporal fibers. No activity being
noted in the masseters in cases of retruded mandible. Bite pressure
on the activators changed the balance of activity to the anterior temporal
ficers and the masseter fibers, which substantiates Ahlgren's findings.

In the use of the fixed appliance, the balance of muscular activity was
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not changed.

iiebman and Cosenza (1900) studying the etiology of malocclusions
clectromyographically, attempted to determine the total patterns of
muscle activity and how they vary from: individual to individual with
different types of malocclusion. They felt that since the rationale for
electromyographic studies has been that malocclusions alter the proprio-
ceptive inflow to the central nervous system irom the periodontal
proprioceptors and that this in turn altered the motor ocutput to the
mandibular musculature, there should be a typical electromyographic
pattern for normal occlusions and for the different types of malocclusions.

They were unable to distinguish, clectromyographically, individuals
having normal occlusions from those having malocclusions. Thay found
no specific patterns of muscle function in individuals with normal
occlusions or malocclusions, and no correlation between type of occlusion
and degree of clectrical activity during the resting state of the muscles,
They did find that clectrode placement influences the amplitude of the
myogram.

It ig interesting to note that althouph their methods were similar

to those cmployed iy other investigators, their findings were in direct




contrast to almost all of the work done in this {icld,

widen (1950) Lepinning an clectromyographic studv of the masseter and
tensporal muscles before, during, and after orthodontic treatment found that
one half of the experimental subjects showed evidence of adaptation, that is,
no marked influence in the chavior of temporal and masseter muscles
twenty-four hours after the placcement of separating wireg between the teeth,
‘J2 also found an increase in the duration of the chewing stroke, and a greater
varialility in the onsat of activity of the massceter and temporal muscles.
These changes werz attributed to a change in periodontal sensory reception.
1 sahino (1964) following “Widen's work, compared pretreatment electromyo-
srams of the same paticnts with those taken seven days aiter the placement
of separating wires Letween the teeth. He found that any changes that did
occur carlier in the behavior of the temporal and massceter muscles as a
result of the separating wires, had disapprearad by the seventh day in
twelve out of sitteen suijects. e attrituted the disappearance of the
changes, in part, to the adaptation of the neuromuscular mechanism,

Shanahan (1960) in comparing the pretreatnnont myograms of the same

patient with those obtained one week after the placement of the first arch
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wires showed that some of the subject who seemed to adapt to the
placement of separating wires again showed an altered pattern of
muscular behavior, Those subjects showing a change in muscular
sehavior presented an increase in the duration of the chewing stroke
and an increased number of bursts of activity in the chewing stroke,
The temporal muscle, especially the posterior fibers, showed a more
active and the masseter a less active role in initiating the activity of
the chewing stroke, Changes in the muscular !:chavior were again
attributed to altered periodontal proprioception.

Zylingki (1961) in the fourth part of the same longitudinal study
compared the myvourams of the original malocclusion with those taken
gix to eipht weeks after the placement of the first archwires. He showed
pain to e more instrumental than proprioception in onvious changes in
the motor ichavior of the temporal and masseter muscles. The
division of laibor between these muscles was least when the mandibular
teeth were uprighted, the temporal muscle initiaing the forceful
chewing stroke more often than the masseter muscle during anchorage
preparation as compared with pefore treatmont recordings. As

treatment proceedad the [requency of initial activity onset by the
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temporal muscle increased and that of the masseter decreased.
Fleming (1961) in the fifth part of the same study compared
myograms taken twelve to sixteen weeks after the placement of the
first arch wires at the ¢nd of anchorage preparation with thosa taken
sefore treatment. In re-evaluating the data in previous experiments,
Fleming found the greatest amount of inhiidtion to pe in bxperimoent 111,
one weck after placement of separating wires. This apparent contra-
diction to Asahino's f{indinys were brought forth vy counting the numoer
of bursts of activity in the chewing cycle which had not j‘ueen done
previously., This showed the number of times inhibition had taken place
and proved to pe greater than at any other timz in this study, Fleming
found a change in the division of labor jetween the masscter and temporal
muscles, the massgeter contrivuting less and less (rom before treatnient
through to the completion of anchorage preparation, the duration of the
chewing stroke also increased. These results were attributed to
painful experiences during mastication. Fleming concluded that:
. . .the number of bursts in a chewing stroke is a reasonably good
indicator of how many tiraes inhibition has taken place in the muscle

seing studied. ”
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Grossman, Greenfield and Timms (1951) state that electromyographic

examination of the masticatory muscles offer an exact and reliable

scientific tool {for assessing maxillomandibular relationship. Turthermore,

they said that there is a basic electromyographical pattern of reflex

co-ordination for the individual bite usually seen in normal occlusions

and sometimes in abnormal occlusions. They classified these hasic

patterns into three main groups and two minor groups. The groups

are as follows:

i.

The individual bite shows considerable activity of all
muscles under consideration with the deep masseter
showing less activity than the superficial.

In incisor and protrusive bite the posterior temporal
activity drops. Varying activity is seen in the posterior
temporal depending on the force of the bite.

Biting into a forced retrusive shows high activity of
posterior temporal and lowered activity of the anterior
temporal. But the greatest change is seen in a drop of
activity in the superficial masseter., The deep masseter
usually shows greater than, or at least equal activity to,

the superficial masseters- «




. In protrusive without biting, the deep masseter shows

the greatest activity.

3. In retrusive without biting, the posterior temporal shows

the greatest activity.

They are of the opinion that eccentric bites show myograms that
differ on both sides. They also state that clinical examination usually
reveals the reason for slight electromyographical variations in "so-
called normal occlusions’. In those cases, in which the myogram was
not normal after treatment, this was attributed to the muscles not
adapting or the mandible being held distally by a changed position of
the teeth. It is of interest that Greenfield, who with Wyke (1956) found
that he could not identify patterns of muscular behavior in ziormal
occlusions and compare these patterns with those found in cases of
malocclusion, is now able to identify and compare muscular behavior
patterns in normal occlusions and malocclusion. These are the only
investigators who have been able to show that they could separate
malocclusions on the basis of the muscular electromyographic pattern
80 casily.

Ralston (1961) in discussing the possibility of quantitating the data
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irom clectromyographic investigations in dentistry felt that because of
the technical difficulties involved, he did not hold very high hopes that
a valid method of quantitating the data would be found in the near future.
It is hoped that certain things have been brought to the foreground
in this review of the literature that should be taken into consideration in
any future investigations in this field.
1. There exists at present no method of standardization in
the type of electrodes used, their placement and the
placement of the reference electrodes.
2. There is no standardization in the muscles and/or muscle
fractions being studied.
3. No two investigzators interpreted the data in the same
manna2r - again a need for standardization in this area.
b In all of the studies performed, there was no uniformity
in the selection of subjects, number of sui:jects used, in
the jaw movements performed and in the chewing medium
uszd.
Apparent contradictions in the literature could possibly be
attricuted to the above factors. Also agreement, or what may seem
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on the surface to be agreement in findings, may not necessarily be the
case. It has been the purpose of this review totry to point up these
facts.

It is also felt that most of the investigators, since they only used
one method of interpretation and did not apply statistical discipline to

their findings, did not get the most out of their data,




CHAPTER U

METHCDS AND MATERIALS

4. Selection of Subjects

Sikteen patients betwceen ten and fourtzen vears of age werse
selected {or this longitudinal study, by the first investigators, from the
orthodontic clinic of the {.oyola University “chool of [entistry. These
patients presented with Class I and Class II (Angle) malocclusions and
were treated with light, resilient wires and light clastic forces., At
the time records were taken for this part of the study, these patients

were between twelve and sixteen years of age.

B. Muslces Studied

The muscles selected for study were the posterior and middle
tvers of the right and left temporal muscles and the right and left
masseter muscles. These muscies were chosen because of their
importance in masticatory function and accessabpility for the placement
of suriace electrodes. ¢ middie temporal {i ers act as elevatorsg
of the mandible. The posterior temporal ificers are concerned with

lateral and posterior movements of the mandinle. The masseter muscles
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provide power in clevating the mandible. The muscles of both sides

were recorded simultancously during chewing on both right and left sides,

C. ‘“lectromyographic TEquipment

The electromyographic equipment (Figure 1) consisted of a G M. &,
(Gilson Medical Glectronic) eight channel polygraph modified to record
zlectromyographic voltages, with one channel altered for recording
¢lectrical impulses from a bone conduction microphone, a Luilt-in
microvolt calisrator, and a Faraday cage, within which an electrode
terminal board was mounted. Patients were seated in the Faraday cage
while recordes were taken. The Faraday cage reduced extraneous
zlectrical activity to an isoelectric point. The amplifiers and filters
were set to give the greatest fidelity of transmission. The pen deflection
was calibrated before and after cach experiment to make sure that the
system was operating umiformly throughout the full range of deflections
that might be expected. The pen deflection (sensitivity) was 23 mm., or
ii i/2 mm. on either side of the base line, for 500 microvolts peak. The
paper speed was O cmi. per second which would make the distance

petween the vertical lines on the tracing paper equal to 0.1 second intime.
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I*. Sound “quipment and Recordings

The components of the sound system (Vigure 2 and Cigure 2A) were
a uone conduction microphone (enith Hi-Lo, Regent Type), a matching
transformer (Shure Model A85A), a preamplifier (Heathkit WA-P2) and
necessary power supply, a tape recorder ("Vollensak Stereo Model T-1513),
and one channel of the polygraph.

The bone conduction microphone (Figure 3) was placed on the
subject's head and held in position by a spring-type headband. The
microphone was connected through the matching transformer to the
preamplifier. The output from the preamplifier was sent into the tape
recorder and the polygraph. Tape recordings were made at seven and
onz-half inches per second with a volume level of five, tone Acontml at
“treile’ and the monitor switch at "on” position. The chewing and
tapping exercises were audibly monitored through the tape recorder as
they were recorded to insure proper performance of the exercises.

The output from the preamplifer entered a channel of the polygraph
and wag converted into "sound tracings” L'y the polygraph. These
"sound tracings” called "sonograms™, were simultaneously recorded with
the myograms. The term, “‘sonograms”, usad here has been described by
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SOUND EQUIPMENT AND PATIENT SEATED IN FARADAY CAGE
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FIGURE 3

SUBJECT WITH BONE CONDUCTIQN MICROPHONE IN PLACE
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B. “Miden (1900) in the first part of this study. The sonograms consisted
of a basc line and deflections iron the base line (spikes) of varying
amplitudes, irequencies and durations, which corresponded with the
tapping and chewing sounds emitted during the test exercises. bee

tizure 13.)

. Chewing Medium

The chewing medium used was Vick's cough drops. Vick's dirops
were selected because of their uniform size and hardmess. Chewing this
matzrial yizlded sounds casily detected by a bone conduction microphone

placed on the forehead.

. Tlectrodes and Electrode Placement

Three types of clectrodes were used (Figure 4), two types of
surface clectrodes and one type of reference electrodes. The reference
clectrodes consisted of car clips which were {astencd to the suoject's
zar lobes. One type of suriace clectrode used was a monopolar disk,
silver surface eiectrode 5,15 inch in diameter, and the other a “telsh
meli-Retalning Slectrocardiopraphic Flectrode. The latter type of

surface clectrode congisted of a hemispherical, nickel silver cup, 15 nun,




FIGURE 4

ELECTRODE PLACEMENT
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in diameter, attached to a binding post and to a rubber buls in such a
manner that when the bule was compressed, the cup applicd to the
prepared skin, and the suls released the cup would adhere comiortably.
The "¥elsh surface 2lectrode was uscd on the masseter muscle because
of its ecasc Of application, sut not on the temiporal muscle because of
ditficultics in keeping this type of ¢lectrode in place over the temporal
region where the hsir had been clipped.

Surface clectrodes wers used because the temporal and masseter
muscles lie close to the skin on the side of the head, The absence of
underlying superficial or adjacent muscle tissue makes the use of this
type ol electrode more practical for studying these muscles. The
suriace clectrodes were placed nilaterally on the ellics of the posterior
and middle temporal fiters and on the masscter muscles midway
tetween their origins and insertions. To facilitate correct eolectrods
slacement the paticnt was instructed to clench his tecth and then relax,
cnabling the operator to palpate and select repriesentative arcas of the
muscles studied. “'hen necesegary, the hair was trimmed, exposing
an area approximately one-hali inch in diamaster., The selected arcas

wore cleansed with soap and water, rubied with aceton:z and then with
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electrode ielly. Skin resistance was thus reduced to 5,000 ohms or less
which facilitated greater pick up of low amplitude electrical potentials
from the muscles. The skin resistance was checked with an ohmmeter
after the placement of all the electrodes. The reference clectrodes
were clipped to the car lobes after similarly preparing the skin surface.
The surface electrodes on the temporal muscle were held in place by
colloidin, after the colloidin had set, securing the surface clectrode to
the gkin, a blunted i8 gauge ncedle and Luer-{.ok syringe were used to
inject electrode ielly, through a hole in the disk electrodes, so that the
space between the electrode and the skin was filled with a conducting

medium,

. Experimental Procedure

The subject was seated in a Faraday cage, the electrodes connectad
to the terminal board, and the bone conduction microphone placed on
hig forchead (see Figure 3). A printed list of instructions was given to
him and the procedure zgplained. The subject was told to recite zach
item on the list, which was recorded om tape, and then to perform the
required exercises, The exercises were: (1) "rest”, (2) tap teeth

tozether in centric occlusion, (3) chew a cough drop on the right side,
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(4) chew a cough drop on the left side. Resting was enhanced by
instructing the subject to relax, close his cyes, allow his arms to lie
nassively in his lap, his feet flat on the floor, and the head positioned
with Frankfort Horizontal parallel to the floor. When the polygraph
showed minimum movement, this indicated muscular rest, which was
recorded. Tapping was performed ten times, "slowly and hard”. At

the beginning of the chewing exercises the subect placed the cough drop
hetween the teeth on the designated side and was told to "chew slowly
and hard ten times". Duplicate exercises were performed to minimize
the experimental error. Tape recordings of all recitations and exercises
were made along with the myograms and sonograms.

Recordings were taken in Experiment VII, in the same manner as
in Experiment I, the same instructions being given and complete records
taken as before, with the exception, that since a different machine was
being used it was possible to record from all muscles of both sides

simultaneously.

“I. Orthodontic Procedure
flach subject’'s full complement of teeth were panded using angulated

rackets on each band. The posterior nrackets (those of the “icuspids
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and molars) were angulated from the horizontal to give the teeth a
digtal-tip-:ack when a straight wire was placed in the bracket slots,
The brackets of the mandibular posterior teeth were angulated eight
degrees while those of the maxillary posterior teeth were angulated
five degrees. The maxillary and mandibular incisor brackets were
angulated two degrees from the horizontal to give the incisor teeth a
slight mesial convergance toward the mid-linc for artistic positioning.
Those of the maxillary canines were not angulated, whercas the mandi-
oular canines had an angulation from the horizontal of seven degrees to
tip the mandibular canine mesially. In addition all brackets were torque
slotted so that when a rectangular straight archwire was placed in the
bracket slots the teeth would assume their correct axial inclinations

in a bucco or labio-lingual direction. At the time of this experiment

the distal tipping and uprighting of the posterior teeth, had already

treatment,

The final stages of orthodontic treatment consisted of consolidation
of spaces, correction of molar relation, leveling of the occlusal plane,
the lingual tipping of the roots of the maxillary incisor teeth if
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necessary, final artistic positioning of the teeth and the “seating” of the
occlusion.

The archwires used in the treatment of all the subjects were
made of round .016 inch diameter or square .0i8 x . 016 inch or
rectangular . 010 x . 022 inch Flgiloy-Semi-Spring wire which is light and
resilient in nature. The main working arches were of . 016 inch round
wire while the squarz and rectangular wires were used mainly for
torquing archwires (archwires desgined to tip to roots of the macillary
incisor teeth lingually) and ideal archwires for acquiring final arch form
and artistic positioning of the teeth. Prior to their insertion all archwires
were fashionud individually for each subject, and then tempered to springs
hardness. Turing the final stages of trcatmont scveral configurations of
archwires were used.

A. The Consolidation Archwire

This archwire was used in the upper and lower dental arches, It
wvas fashionod to the shape of an ideal arch, and individualized for arch
width and torm for cach su.ject. It employs cont-in hooks located as
ciose to the distal surfaces of the bracksts of the lateral incisors as

possible (Figure 3).
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FIGURE 5

CONSOLIDATION ARCHWIRI
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3. The Vertical Contraction Loop Archwire

This archwire was uscd in the upper and lower dental arches. It
is shaped to ideal arch form and individualized for the suiject and
emplovs two closed, vertical, helical loop springs, one on cach side of
the arch, and is activated by pulling the distal section of the wire through
the molar tuses and stopping them there [y placing a8 oend in the wire.
In the closed vertical loop spring the legs are crogsed so that the loop
ig activated oy closing the helix (Figure 6).

C. The Horizontal 1.oop Archwire

This archwire was used in the upper and lower dental arch.s. It
<mploys horizontal helical loop springs to iring aoout the desirod mova-
raznt of teeth in the vertical plane, It is fashioned to the shape of an
ideal arch as nearly as possible and individualized for arch width and
iorm [or cach suizject (Figure 7).

. The Torquing Archwire

The torquing archwire was used in the upper dental arch only. it
was iashioned from rectangular resilient wire and employed a helix on
either side of the maxillarvy lateral imcisor to store the torgue force
{a force created by the untwisting of a wire which tends to tip the roots
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FIGURE 6

VERTICAL CONTRACTION LOOP ARCHWIRE

el 4




FIGURE 7

HORIZONTAL LOOP ARCHWIRE
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of the upper anterior tecth in a linpuval direction). The distal onds of
this wire are curved Luccolinpually to conform with arch form and are
aiso curved gingivally to create a greater ranse of deflection and a
seatle force (Figure 3).

1. The Straight (horizontal) Archwire (. U156 round)

This archwire was used in upper and lower arches. It was
individualized for arch width and form for each subject. These archwires
carried no attachments, helical loops, or nent-in hooks (Figure 9).

. The Straight (horizontal) Archwire (. 016) with Attachments

This archwire was used mainly in the lower dental arch. There
were only slight bends incorporated in the posterior segments to conformy
to sencral arch form. The attachments consisted of two scctions o .20
closed coil spring placed on the wire to advance two siiding hooks., The
distal ond of the coils contacted the Lrackets o the first premolar teeth
or the first molar teecth and the hooks wore advanced by the coils to 2
rosition mesial to the canine testh. The cands on the canine teeth
were removed in order to allow the springs and hooks to ¢ advanced,
without interierence, to d point mesial to the canine teeth (Figure 10).

. The ldeal Roctangular Archwire

This archwire was used in bhoth mipper and lower arches and was
i




FIGURE 8

TORQUING ARCHWIRE
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GURE 9
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FIGURE 10

STRAIGHT HORIZONTAL ARCHWIRE WITH ATTACHMENTS
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fashioned individually for cach subject. The wire conformed to ideal
arch form and in addition contained {irst order or offsct ~ends for the
caninus and molars and, in the maxillary archwire, ior the lateral
incisors. These wires carried no attachments (Figurz 11},

In some cases while the consolidation and torquing archwires were
oeing used, high-pull headgear was used to create an oblique force in a
distal anc upward direction againgt the maxillary anterior tecth. High-
pull headgsear consists of two headgear hooks, two (or more) =lastics and
cloth belting. The two headgear hooks are attached to the maxillary
archwirc between the maxillary lateral and central incisors and are
slaced under tension by means of X" type Ortho-Spec elastics. These
zlastics are stretched from the headgear hooks to hooks rivetad to
the pelting, which fits over the head. Thus, an extraoral force for the
movement of teeth is applied. 2 headgear force applied in this
techniqgue is between nins and twelve ounces.

The elastics used in conjunction with the archwirces just descrioved
werar dight i/4 inch latex zlastics which exerted an average pull to two
ounces when stretched a digtance of one and one-fourth inches. This

is the average distance usged in the treatment of the malocclusions.
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FIGURE 11

IDEAL RECTANGULAR ARCHWIRE
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Also ieavy 1+ Inch latex elastics were used which exerted an averag:
suil of four ounces when stretched a distance of one and one-fourth
inches.

The latex bands were worn bilaterally in the following ways:

A light intermaxillary clastic worn {rom a hook located on the
lingual surface of the band on the mandibular first molar to the bont-
in hook or sliding hook or helix of a torquingz arch located mesial to
the canine tooth.

A light intermaxillary elastic worn irom the end of the archwir:
on the osuccal surface of the mandibular first molar to the tent-in hook
located mesial to the upper canine brackots.

A light intramacillary elastic worn from the end of the archwire
distal to the molar tuie on the Luccal suriace of the mandiiular iirst
wolar to the Dent-in hook located mesial to the mandibuiar canine
sracket or to a contraction loop in the mandiiular arch.

A heavy trianvular c¢lastic worn iuccally from the lower to the
usper arch, the triangle had its base on the upper arch and its apa< on
the lower arch., The elastic worn in this iashion was attached ‘rom the

ad of the upper archwire on the {irst molar distal to the Luccal tuie
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to a hook made from the ligature tie on the upper second premolar
tooth, then down to a similar ligaturce tic on the lower socond premolar
tooth.

Some of the patients already were on retention at the time this
nart of the experiment was done and were using rubber finishing
appliances (see Figure 12) which were made of vulcanized rubier that
was resilient in nature and constructed to zently move the tecth, throup!
functional exercising, into their final, ideal positions. After the occlusion
was 'scated’” these appliances were kept and used as retainers.

{. Utilization of Sound Data to Interpret iflectromyograms

The data consisted of myograms, sonograms, and tape recordings
of the temporal and masseter muscles taken during tapping, chewing,
and at rest. The myograms and sonograms taken at rest permitted an
ecvaluation of the -ase line or minimum activity in the muscle and sound
channels. Myograms compared with the sonocrams taken during the
tapping exercises, showad a correlation between tapping sounds and
muscle activity., The sonograms of tapping were simple, consisting
of single spikes, while those of chewing were more complex (Figure 17

and VFigure 1),
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~  The sound of the teeth meeting in centric occlusion produced a sharply

defined mono or polyphasic sonogram. By noting the time of the first sound
spike and projecting it onto the myogram for each muscle. that portion of the
myogram showing electrical activity preceeding the spike was identified as
the begmnmg of the chew:ng cvcle.
l. Selection of Myograms for Study

The myograms from the first three chewing strokes or biting strokes
of the right and left sides of duplicate exercises were selected for study.
Hence, a total of thirty-six myograms taken from three muscles during the
first three chewing strokes or viting strokes of the four chewing exercises
of this experiment were analyzed and compared to the analagous chewing
strokes or biting strokes in the previous experiments of this study. The
myograms succeeding the first three chewing strokes or viting strokes were
not studied because as chewing progressed the cough drop secame an un-
manageable tacky mass.

The chewing exercises were selected for two reasons. First. the act
of chewing was mainly reflex in nature and therefore. relatively free from

influence of both subject and experimenter. Secondly. chewing the selectad




87

medium subjected the teeth and their supporting structures. muscles and
-oints to stresses which tested their functional ability.
K. Defining Characteristics of the Myograms

The myograms contained two :asic dimengions. amplitude and time.
nelative amplitudes wer? studied along with the rates of chance of amplitude
with respect to time. There were sustained high. low or »cro amplitudes.
Peaks were defined as high amplitude of »rief duration preceded and followed
by rapid rates of change in amplitude. Noding was brief low or zero ampl:-
tude ordered .y rapid decrease and rapid increase in amplitude.

A chewing cycle was considered to e that period of time from the on-
sct of one isometric contraction of the muscie to the onset of the next isomet:
ric contraction of that muscle, as determined from the electromvographic
recording. |

A chewing stroke or Hiting stroke was considered to be that portion of
the chewing cycle which ~egan with the onset of slectrical activity and termi-
natéd with the end of electrical activity. as determined from the electro-
myographic recording.

The term “chewing stroke' may not e quite as accurate a term as




"oiting stroke”. however, since that portion of the chewing cvecle from
the onset of electrical activity unti! the cessation of olectrical activity
has. in the previous parts of thig !ongitudinal study been referred to as
the "chewing stroke” it will e used in this paper along with the tarm
"Liting stroke' for the sake of continuity.

Duration of the muscular activity for each chewing stroke or itng
stroke was studied as a whole and also divided into two components,
onsct of activity and end of activity. The rate of increase of amplitude
at the onset of activity, and the rate of decrease of amiplitude at the
and of activity were also noted. Form of the clectromyogram was
analyzed for frequency of cursts of activity. To demonstratz the form
agraphically. lines were drawn on the myogram connecting spikes of
minimum amplitude with spikes of maximum amplitude. The activity
etween the myograms of successive chewing strokes or ting strokes
termed interim activity” was also indentified and studiad.

1.. Tvaluation of the Electromvogriphic Data
Methods of Study
To pain a knowledie of the bdehavior of the temporal and masseter

muscles within the experimental conidt:ons and to recogn:ze the




occurrence of any irends in their 2shavior during orthodontic treatment,
the mevograms irom xperiment VI were analyzed and comparcd with
thoge of the provious oxperiments. The myograms were studied n the
tollowing maaner
Mathod I Listing and evaluating the characteristics of the
myograms ior cach individual suiject.
Method 11 Analysis or initiation of chewing activity.
Method I Measuring the duration of the chewing stroke (biting
stroke).
ktiethod IV Analysis ot the number of sursts in a4 chewing stroke
(iiting stroke).
The analysis of cach method of study appears in the "FINDINGS.
Liethod [ listing and ‘ivaluating Characteristics of the Nyograms for
i“ach Individual Supject
The fellowing characteristics were grouped and ¢rossly evaluated:
rursts, amplitude, duration, noding, sustained low amplitude, rate of
onsct, rate of ending, interim activity, and initiation of chewing activity.
The rating scale used for evaluating all of the characteristics other

than iursts and initiation of chewing activity, which werce listed as counts,




is as follows:
XX
Xx
k4

0

Method 1T Analysis of Initiation of Chewing

maximum
moderagse
mininum

abaent

Activity
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The onset of electromyographic activity for ¢ach of the muscles in

ezach of the first three chewing cycles of cach exercise was marked on

the myogram,

Then a straight edee was held at right angies to the

sorder of the paper so that it passed through the ink recordings of all

three musclas.

The straight edge was then

soved along the recordings

until it contacted the mark of the first muscle (or muscles) to epin

electrical activity. The {irst muscle (or muscles) to beypin electrical

activity was then listed in chart form, the data from this experiment

Heng added to that already at hand from the previous experiments i

this study. This was done for all patients in this experiment, yielding,

a total of twelve tabulations for cach patient. The results for all

patients in each experiment were then totaled in chart form. The chart

showed the number of times each muscle or muscle group imitiated the




chewing cycle in cach experiment, The data from the taixle were then
plotted as a series of graphs which appear in Part Il of the "FINDINGS™,
Method 111 Measuring the Nuration of the Chewing Stroke (Biting Stroke)

The durations of the chewing strokes or viting strokes were
expressed as percentages of the chewing cycles rather than iy direct
time measurement because the subjects did not chew at a uniform speed.
The subjects were instructed to chew slowly iiecause somc individuals
chewed so rapidly that chewing cycles were indistinguishavle. The
percentage values for cach experiment were divided into arbitrary class
intervals and the frequency of occurrence of the various percentages
within cach class interval were expressed as separate histograms for
cach experiment for Experiments [ through VII. These appear in Part 111
of the "FINDINGS". The Chi Square Test was also applied to these data
to see if a statigtically significant difference existed letweon the seven
experiments and between pairs of experiments.
Method IV Analysis of the Number of Bursts in a Chewing Stroke

(Biting Stroke)
The numoer of sursts in each of the first three chewing strokes or

viting strokes for each sub.ect were counted and a random sample of
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these counts were taken irom each subject. A statistical analysis was
done to see if there was a statistically significant diiference in the
aumier of bursts per chewing stroke or uiting stroke setween those
patients still wearing appliances and those with the applisnces removed.
M. Amplitude

The absolutz amplitude was not measured becausc of the many
jactors affecting its variauility.
M. Statistical Discipline

This was basically a qualitative study and the analysis of the data
was done on a relative basis. Inthe first experiment, iden (1963)
considered cach subject as a separate axperimental unit vccause the
populatior. was heterogenous, due to the various malocclusions presented,
and there were no prior data for comparison. As successive zxperiments
were completed enough data were accumulated to permit the developing
of meaningful statistical analyses. These analyses were applied to
Methods 111 and IV.
Method [II Duration of the Chewing Stroke or Biting Stroke nxpresgsed as

a Percentage of the Chewiny Cycle

The length of each of the {irst three chewing cycles of all muscles
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ior all suvjects was measured. Then the length of the chewing stroke or
siting stroke was calculated as a percentage of the chewing cycie. These
percentages were then entered into a table in which the irequency of
occurrence of percoentages within cach class interval was ta.ulated for
cach subject in this experiment. Then the total irequency ol occurrences
ior ¢ach class interval for this experiment was calculated and added to
the table of similar data already at hand irom the previous six éxperi-
maents. The data from each experiment were made into a separate
histogram representing cach individual experiment and appear in Part I
of the "FINDINGS'.

These data were then subjected to the Chi Square Test (see Part [l
of "FINDINGS"” for Tatle of Chi Square Figures). The Null hypothesis
would Le: that the data are all drawn irom one parent distri.ution and
that they ars statistically alike. This would mean that the pattern of
chewing did not change significantly during the stages of orthodoatic
treatment that distinguished these seven experiments. The data were
analysed in this manner and a statistically significant dilference was
found to exist beyond the .0U01 level of siganificance. The individual

comparisons were then made between Experiments VI and VII and between
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Eeperiments 1 and VI
Muthod IV Analysis of the Number of Bursts in a Chewing Stroke (Biting
Stroke)

The tursts of clectrical activity in cach of the first three chewing
strokes or viting strokes of all muscles for all suljects were counted.

A random sample of one-third of the data was taken from cach suiect
using a random numirers table to determine the selections.

These data were then subjects to an Analvsis of Variance to
determine i there was a statistically significant differcnce in the number
of bursts of clectrical activity in the chewing strokes or biting strokes
of those subjects still wearing appliances as opposcd to those who have
already had the appliances removed. The Null hypothesis eing, that
there is no statistically significant difference “ctween these two groups
of su-jects. This analysis could also show if there were statistically
sigmficant differences tetween the muscles studied and the sides (right
and left) used in chewing or any interaction setween these main cffects.
Since counts do not follow the normal distribution thev are not amenaile
to the use of analysis of variance without transiormation. The trans-

formation used in this case was the square root of the ovservation plus
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one {i). A portion of ths ['ata Sheet showing the transformed data used
in this analysis appears in Uigure 15. The Analysis of Variance Table
showing the statistically significant differences appears in Part IV of the

“TINTTINGS .




SAMPLE DATA SHEET FOR ONE EXPERIMENT |
SHOWING TRANSFORMED DATA FOR ONLY TWO SUBJECTS
THE TRANSFORMATION USED WAS THE SQUARE ROOT OF THE OBSERVATION PLUS ONE (1).

THE OBSERVATIONS CONSISTED OF RANDOM SAMPLES FROM THE TOTAL DATA
OF THE NUMBER OF BURSTS IN A CHEWING STROKE.

35

WITH APPLIANCES

WITHOUT APPLIANCES

SIDES | RIGHT LEFT I|'SiDES | RIGHT LEFT
SN G40 -0 U 41 1 “;.hn-b-z:r—zn.o-zf—z
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A PORTION OF THE DATA SHEET USED IN THE ANALYSIS GF METHOD IV

FIGURE 15
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CHAPT R 1Y

FINDINGS

A. Introduction
The findings are Lased on the electromyographic recordings o‘mtained‘ |
{rom the first three chewing cycles of <ach chewing exercise performed
by each of the sixteen subjects used in this experiment. The findings
from this part of the study were also compared with those of the previous
experiments in this longitudinal study, (‘Viden, Ziperiments I and I1;
Asahino, Uxperiment II; Shanahan, Zxperiment IV; Zylinski, =xperiment V;
and Fleming, “xperiment VI).
Zlectromyographic recordings were taken this far in the longitudinal
study during the following stages of orthodontic treatment:
Haperiment 1 Criginal malocclusion.
Sxperiment 11 Cne day after placemoent of separating wires
setwaen the teeth,
Zaperiment I One week after placement of separating wires
oetween the teeth,
Experiment IV One week after placement of the first archwires.
Uxperiment V Puring anchorage preparation.

PR 4
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“xperiment VI After completion of anchorage preparation.
Fxperiment VIl During the final stages of orthodontic treatment.
This paper concerns itsclf with the electromyographic recordings
taken during the final stages of orthodontic treatment before the removal
of the active appliances.
The findings are presented in four parts corresponding to the
four methods of study employed in this experiment (Experiment VII),

which are described fully in "METHODS AND MATERIALS.

H. Partl

Part 1 of the "FINDINCS” contains the listing and evaluation of the
various characteristics of the myograms f{or each individual subject in
“xperimonts T through VIIL This part is actually a qualitative evaluation
of the following characteristics: amplitude, duration, noding, sustained
low amplitude, rate of onset, rate of ending, interim activity; while bursts
and initiation of chewing activity were listed quantitatively by means of
counts.

The object of this method of study was to note the changes in the
clectromyographic vehavior of the muscles for each individual subject

during the various stages of orthodontic treatment.

I 4
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The characteristics of the myograms are listed in chart form for
cach individual sutject along with photographs of the plaster casts of the
original malocclusion and the Angle classification. (The experimental
sroup consisted of three neutrocclusion and thirteen distocclusion cases.)
An explanation of the treatment mechanics used at the time the clectro-
myographic recordings were taken and intraoral photopraphs of the stage

of treatment showing the appliance are included, as well as, a summary

of the charted findings.
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Subject #1 (L..C.) Age 16
Original Malocclusion

Angle Classification: Class I




Subject #1 (L.C.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VIIL

101
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Suvject #1 (L..C.) Age 16
Class [ (Angle)
Treatment

A.  Noteeth were extracted.

B. Appliance design. (See Methods and Materials page 52.)

At the time electromyographic recordings were taken for
Luperiment VI, this subject already had the active appliance
removed and was using a rucier f{inishing appliance ior
functional retention.

“valuation of the Characteristics of the Myoprams.

Bursts: Showed a steady increase irorn HExperimant | o Sxperiment
¥V, with the exception of xperiment [1 which showed a "multicurst”
pattern. The number ol lursts remained avout the same in Haperiment
VI and decreased in Hxperiment VI

Smiplitude: Moderate in all experiments oxcept “upeviments TH
and VIl which showed maximum amplitude.

Duration: Minimal o =xperiments | and 1V and moderate throughout
the rest of the experiments.

Moding: Minimal in - «periment | and then moderate throughout the

cerainiag osporimoents. o
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Sustained low amplitude: Absent until Experiment V when it
appeared at the beginning of the stroke and remained in Fxperiments
V1 and VII.

Rate of onset: During the first four experiments this was maximal,
but it decreased and became minimal in Rxperiments V and V1 and
moderate in Yxperiment V1L,

Rate of ending: Maximal for the first four experiments and then
became moderate in Fxperiments V and VI and minimum to moderate in
“xperiment Vil

Interim activity: Maximum throughout all experiments except {or
Hxperiments I, I and Vi1, when it was moderate.

Initiation of chewing activity: This subject showed a loss of
synchronous initiation of activity from =Sxperiment I to Experiment VI,
while there was an increase in masscter initiation of the chewing
stroke during the same time. There was very littie difference in the
muscics which initiated activity in iixperiments IV, V, and VI. In
“xperiment VI, however, synchronous initiation of activity was restored

beyond that occurring in Zeperiment I,

v
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Conclusion:

This subject adaptad only fairly well to the orthodontic procedurass
while the appliances were peing worn, sut showed an improved clectro-
myographic pattern of muscular behavior aiter the removal of the active
appliances, as shown oy the decrease in noding and increase in

synchronous initiation oi chewing activity.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS

BETWEEN EXPERIMENTS

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN

" SUBJECT'NUMBER: 1 L. C. ) T ' EXPERIMENTS
; . SUBJECT NUMBER: 1. L. C.
Exp. No.! Bursts| Amplitude] Durati Nodmg; Sust:uned' Raic JRate ‘
! of Interim EYPERTVENT -
amplitud On etlending activit . = -
—— e plitudd onset] nding activity NUMBER 1 fm o {wv| v | v} own
1 1-2 | xx x X 0 bxxx |xxx | ox Masseter first 11 3 2lsls 4 1
Masseter and
—— middle temporal
first 0 0 0] 1 0 0 0]
. 1-3% XX XX XX 0 XXX [XXX XX M nd
asseter a
o posterior temporal 0 0 1 0 0 o 0]
. first
i
«lT1 2-5 | xxx XX XX 0 XXX XXX XX NMiddle and
posterior temporal Ol 0 2 0 0 2 0
first
Middle temporal
v 24 | xx X xx fo xxx x| x first 0}0 0 10}0 0|0
Posterior temporal
first 1120 Jo |1 00
v 3-5 | XX XX XX X X XX X ]
All together
Gynchrony) ol 717166 |6 |1
TOTAL NUNMBER OF ! !
Vi T x o 1 x « lex < CHEWING STROKES ,12; 12 |12 |12)112 112 |12
i 14 | xxx XX xx {0 XX |xx XX
LEGEND: xxx=maximum, xx=moderate, x=minimum, 0=no obvious change
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TREATMENT STAGE AT THE TIVE ELECTROMYOGRAPHIC -

RDINGS WERE TAKEN FOR EXPERIMENT VIIL
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Subject #2 (.G.) Age 13
Class Il - iiveion i (Angle)
Treatment

A No teath were axtracted.

R, Appliance design. (See Methods and Materials page 52.)

At the time electromyographic recordings were taken for
fixperiment VII, this subject already had the active appliance
removed and was using a rucier finishing appliance ror
functional retention.

~valuation of the Characteristics of the Myograms.

Bursts: Fxperiments | through IV showed a similar numier of iursts
while Zxperiments V and VI showed an increase in the numder of bursts
and a decrease in HExperiment VII.

Amplitude: Remained moderate in {xperiments [ through IV and
then increased to maximum in Fxperiments V, Vi and VII.

Nuration: Maximum in Experiments 1 through 1V and then Hecame
even longer in FExperiments V and VI, decreasing to moderate in ~xperi-
ment VII.

Noding: Maximum in Zxperiments [ through 1V, increased more in
£ pe F
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Experiment V and increased still further in Uiperiment VI and then
dropped to moderate in “iperiment VIL

Sustained low amplitude: Progressively increased {rom none in
Hxperiment | to maximum in Experiment VI, hut occurred onlv in the
masseter muscles, In Sxperiment VII was minimum to moderate and
only in the middle and posterior temporal muscles.

Rate of onset: Remained moderate throughout all experiments.

Rate of ending: MNoderate throughout except for and increase te
maximum in Experiment V,

Interim activity: Maximum in Fyperiment |, decre2ased to minimum
in “xperiments Il and IV, and became moderate again in Pxperiments V
and VI, then dropped to minimum in Fxperiment VI

Initiation of chewing activity: The onset of activity in Experiments
T and Il was fairly evenly divided between the masseters and synchrony
ot all muscles. xperiments [V and V showed that synchroaous initiation
of chewing activity predominated. In Experiment VI there was a
preponderance of the uitiation of activity oy the middle and posterior
temporals. In Experimoent VIl chewing activity was initiated mainly by

synchronous action of all muscles.

I 4
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Conclusion:

This subject exhibited difficulty in adapting to the ovthodontic
procedures and showed the most difficulty in chewing in Sxperiment Vi
There was an improved clectromyographic pattern of muscular zhavior
after the removal of the active appliances, as shown in Fxperiment V11,
as shown oy the increase in synchronous initiation of chewing activity

and the decrease in noding or inhinition.

PR 4




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS)
BETWEEN EXPERIMENTS

THE BBHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

Cﬂm 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

LEGEND: xxx=maximum, xx=modcrate, x=minimum, 0O=no obvious change

T : : T
SUBJECT NUMBER: 2 €. ¢. : . susfecT NuvBER: 2. E.G.
Exp. No. mrsts[Amplitude Durati Nodin;!Susmine'dlﬂaw Rate ! -
!low ) ! of Of‘ 'Int;:r?m EXPERINMENT
amplitudd dnsct|ending,activity NUMBER 1| m {w] v | vijwn
l..”
1 a6 | xx XXX xxx |0 box ex XXX b er first 4 4 6 4 1 2 0
Masseter and
middle temporal 110 2 0 0 0 0
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i 2-5 | xxx XX=XXX | xx | xx-post.xx [xx X
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Subject #3 (R.H.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VII




Subject 23 (R.H.) Age 13

Claes Il - Division 1 (Angle)

Treatment:
”K .

B.

Zvaluation

Bursts: The range of the numuer of vursts in Experiments I, IV,

Extraction of the four first premolars.
Appliance design. (See Methods and Materials page 70, 75
and 31.)

The maxillary archwire was a straight (horizontal) archwire
with attachinents (coil spring and sliding hook) mesial to the
upper second Licuspids.

The mandiiular archwire was a consolidation archwire with
horizontal hooks distal to the lower lateral incisors.

The elastics worn were buccal and lingual 1/+ inch light
Class II's and the triangular 1/4 inch heavy.

of the Characteristics of the Myograms.

V and VI was similar to that found in Experiment VII and approximately

twice that found in aperiments [ and Il

Amplitude: Moderate throughout all experiments except for an

inciease to maximum in Experiments 1T and VII.

1hi
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suration: Showoed a progressive increase from miainmum in Ziperi-
ment I to a range of moderate to maximum in Sxperiments V, VI and VIl

Noding: Progressive increase throughout all experiments from
minirum in Experiment T to maximum in SExperiments VI and VIl

Sustained low amplitude: In the masseters throughout all experiments
except in “xperiment VII.

Rate of onset: Moderate throughout all ciperiments.

Rate of ¢nding: Moderate throughout all experimoents.

Interim activity: Moderate until Zeperimoent V when it became
minimum and remained as such in Hxperiments VI and VII.

Initiation of chewing activity: The masseters, which initiated some
activity in “xperiments [ through 1V, did not initiate activity during “xperi-
meats V and VI. The temporais, which initiated activity only a few times
in the early experiments, ecame more proiminant in their role as
inirwators of activity in Zxperiments IV, Vand VI. Synchronous initiation
of activity remained about the same for all experimoents, except for an
increase in Fxperiment IT and a decrecase in Hiperiment 1V, In Zaperi-
ment VII synchronous initiation of chewing activity on the part of all

three muscles became “~minant.
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Conclusion:

This subject displayed moderate difficulty in adapting to the
orthodontic procedurcs, ut was beginning to show some hnprovermnont in
the clectromyographic pattern of muscular behavior in Fxperiment VI,

as shown by the reduction in the numbcr of nodes and the increase in

synchronous initiation of chewing activity.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

SUB]EBT'»MTDER: 3 R. H.

Exp. No.! Bursts| Amplitude] Durationf Noding; Sustained ! Rate |Rate |
. low . of of Interim
amplitudd nser] ndinglactivity
| 1-3 | XX-nv. X X X=LEFT XX XX XX
| £1% MASS.,
n 1-3 | xx X X-XX | X-mass. | X XX x
im 3-6 | Xxx xx xx | X-veey Jxx  Ixx XX
o« MASS .,
v 3-6 | xx XX XX X-nass. | XX |XX XX
v 2-6 | xx XX=XXX | XXX | X-mass. | XX jx-xx | Xx
Vi 3.5 1 xx XX=XXX | XXX | X=mMAss. } XX [XX XX
vi 1-6 | xxx XXX X-XXX{ O XX [xx X
LEGEND: xxx=maximum, xx=moderate, x=minimum, 0=no obvious change

THE EBHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

cnm 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERBVENTS

suBeCcT NUveeR: 3 R.H.

EXPERWENT i
NUMBER 1 n m v v VI A\'All
Masseter first 3 2 3 2 0 O 2
M'aneter and |
e Jlof1 |1 | 1{0 |0 |0
Masseter and

posterior temporal

first (0] 0 0 0 0 1 0

Middle and
posterior temporal 110 3 0 4 4 1

first

Middl 1
e Jlof1 1o fol1 |

Posterior temporal | 51 O (8] 2 2

first

glyl'r:chrmy; 5!8 |5 |1]°5 4 | 9

CrEwiNe ornoxes |12 12 | 12 |12 {12 |12 |12

L1
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Subject #4 (M.K.)

TREATMENT STAGE AT THE TU\'“ ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VIL
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Subject #4 (VLK) Ape 12
{Class I - Division | - Subdivision

Treatment:

A, Extraction of the four first premolars.
B. Appliance design. (See Methods and Materials page 75.)
The macxillary archwire was a straight (horizontal) archwire
with attachments (coil spring and sliding hook) to the mesial
of the upper canines.
The mandibular archwire was a straight (horizontal) archwire
with no attachments.
The elastics were worn in a Class I fashion and in a cross-
iite fashion (triangular) as mentioned in Methods and Materials
(page 381).
“valuation of the Characteristics of the Myograms,
Bursts: Showed a low range in Fxperiments I and I, increased
in Fxperiments 11, IV and V, and then decreased back to the original
range in Hxperiment VI, and then increased very slightly in Experiment
VIL.

Amplitude: “Was moderate in FExperiments I, 11, IV, V and VII,

P 4
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minimum in Sxperiment I and maximum in “xperimant Vi,

[uration: Started out as minimal and increased to moderate in
sxperiments IV, V, VI ang VI

Noding: Remained moderate throughout until ¥ «<periment VI when
it showed a decrzase to minimum and then a return to moderate in
Fxperiment VII.

Sustained low amplitude: Moderate in the masseters throughout all
axperiments.

Rate of onset: Moderate throughout the first five experiments and
then maximum in Experiment VI and moderate again in Faperiment VIL

Ratz of ending: Moderate throughout the first five experiments and
rminirum in Experiment VI and them minimum to moderate in Experiment
Vil.

Interim activity: Minimum throughout the first six experiments
except for Zxperiment l, and then minimum in Fxperiment VIL

Initiation of chewing activity: There was some variability in the
muscles first to initiate activity., Experiments | and Il were similar in
that the muscles initiated activity synchroncusly or the masseters
initiated activity, while in Sxperiments 1 and 1V the masseters were the

I 2
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predominant muscles in initiating activity., In Experiments V and VI
synchronous initiation was predominant, as was the case in fxperiment
Vil
Conclusion:

This subject seemed to have adapted well to the orthodontic
procedures, as the muscular behavior exhiuited little iphibition through-
out treatment and a high percentage of the chewing strokes were

initiated by concurrent activity of all three pairs of muscles.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART § COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

SUBECT NUMBER: 5 w.x.

T
H H

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

MRT 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUBJECT NUMBER:

4. M. K.

EXPERIMENT
NUMBER

414

VI

\'All

Magpeter first

Masspeter and
middle temporal
first

Masseter and
posterior temporal
first

Middle and
posterior temporal
first

Middle temporal
first

Posterior temporal
first

All together
(Synchromy)

N, v O

TOTAL NUNBER OF
CHEWING STROKES

12

12

12

12

-
\V)

R | R

Exp. No. Mus[;\mplitude DuratioJNoding Sustained , Rate Im\!e I
low 1 of of Imerim
— amplitudd dmsct lendingactivity
X=nt, :
1 1-3 | xx X XX nass. & [ XX [xx X
POST.
TENP,.
n 1-3 | x x xx | xx fxx fxx XX
XX-a¥. |
nAsSS. &
POST.
™ 3-5 | xx x XX Teme. Xx Ixx X
«
v 2-4 | xX XX XX XX=Rt. XX pxx X
nASS .
v 24 | xx box-xxx | xx X-nt. X-XX }xx X
nass.
A\ 1-3 | xxx xx X XX=MASS .| XX= [XX= X
XXX XXX
[% 4
wmn rosST. &
2-5 | xxx XX XX RY. MiD X=XX [X=XX | O
& rost,
TeEne =X

LEGEND: xxx=maximum, xx=moderate, x=minimum, O=no obvious change
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Subject #5 (M.M.,) Age
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Subject #5 (M.M.)
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Subject #5 (M.M.) Age 13

Class Il Division i (Angle)

Treatment;
A.
B.

FExtraction of the four first premolars.

Appliance design. (See Methods and Materials page 70 and 72.)
The maxillary was a vertical hook consolidation archwire with
coil spring and sliding hook to the upper second premolars.
The mandibular archwire was a rectangular wire contraction
loop archwire.

The elastics weres of three types mentionad in Methods and
Materials (page 81). There were intramacillary elastics in
the mandibular arch, and between arches, elastics were worn
in a Class Il (oth buccally and lingually to the upper sliding

hook) and a triangular fashion.

Evaluation of the Characteristics of the Myograms.

Bursts: The range of bursts was similar throughout, with slight

increases in Fxperiments Il and VI,

Amplitude: Minimal from Experiment I through FExperiment 1V and

then became moderate in “xperiments V and VI and then increased to

P 2
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maximum in Z<periment VI

Duration: Minimal in Yxperiment [ through Experiment 1V and became
moderate in FExperiments V, VI and VIIL,

Noding: Remained moderate throughout all experiments.

Sustained low amplitude: Remained minimal throughout all experi-
ments except for an increase to moderate in FExperiments 1V and VII.

Rate of onset: Moderate in Experiments | through IV and became
minimal in Experiments V and VI, then hecame moderate again in Zxperi-
ment VII.

Rate of ending: Remained moderate throughout all experiments.

Interim &ctivity: Minimum until Experiments VI and VII when it
became moderate.

Initiation of chewing activity: From Hxperiment I to Experiment 1V
there was a decrease in the initiation of activity by the masseters and
they did not initiate any activity in Zxperiments V or V1. The comi:ination
of middle and posterior temporals, on the other hand, failed to initiate
any activity in Sxperiments ! and I, but showed a steady increasc in
Lxperiments I, 1V, and V, at which time they initiated almost all of the

activity. The initiation of activity by the masseters decreased markadly

v g
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in Experiment VI. Synchrony occurred fairly frequently in fxperiment |,
and showed a progressive decrease up to Txperiment V, when it initiated
activity only once. In Experiment VI synchrony initiated activity three-
fourths of the time, while the combination of th: middle and posterior
temporals initiated activity the remaining times. Fxperiment V showed
a predominance of the combination of the middle and posterior temporals
initiating activity., Txperiment VII showed a predominance lof gynchronous
activity of all three muscles in initiating the chewing stroke.
Conclusion:

This subject showed good adaptation to the orthodontic procedurcss,
exhibiting moderate noding and synchronous initiation of chewing activity

2y the three pairs of muscles.

Py 4




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS

BETWEEN EXPERIMENTS
SUBJECT'NUMBER: S M. M. '
Exp. No. mrsnrAmpmnde Duratia{Noding Smtaineidi Rate |Rate |
low i of of Interim
amEinLki_gggi endingjactivity
f 2-3 | x X XX X-mass. | XX | XX X
n 2-3 | x X xx X-mass. | XX |xx X
-3
T
™ 34 | X X XX X-mass. | XX XX X
wv 2-3 | x X XX XX-MaSS o XX | XX X
\4 2-3 | xx XX XX XX-massJd X XX X
vi 34 | xx XX Xx | x-mass.|x |xx XX
X=mMASS.
A1 &rosT.
1-5 | xxx Xx-xxx | xx Tenr, XX | xx XX
LBGEND:

xxx=maximum, xx=moderate, x=minimum, Owno cbvious change

THRE IRHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERDVENTS

SUBJBCT NUVBER: 5. M. M.

EXPERIMENT T

NUMBER 1 n {om v A\ vi | vnt

Nasgseter first 7 3 2 0 0 0
Masseter and

middle temporal 011 O {00 010
first

Maseeter and

pesterior temporal 0] 0 0] 1 0] 0 1
first

Middle and

posterior temporal [ O | O 3 5110 3|2
first

;‘::ﬁ"‘ temporal Oofo 0 O} o0 0 0
Alz:tterior temporal 1 0 3 1 1 0
Al her

(Sy,:cmy) 514 3 311 9
G sTRokes |12 12 [ 12 [12 |12 {12 |12

6T1
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Subject #6 (K.M.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN

FOR EXPERIMENT VIL.




Subject #6 (K.M.) Age 15
Class II Division 1 (Angle)
Treatment:
A. Noteeth were extracted.
B. Appliance design. (See Methods and Materials page 75.)
The maxillary archwire was a straight (horizontal) archwire
with attachments (sliding hook and coil spring) to the mesial of
the upper first premolars.
The mandiiular archwire was a straight (horizontal) ideal
archwire without attachments,
The elastics used were the Class 1 type (both buccal and
lingual) as descriied in Methods and Materials (page ¥1).
“valuation of the Characteristics of the Myograms,

Bursts: Remained relatively the same throughout all experiments
and were never in a high range. Showed a slight drop in numuer in
Experiment VII.

Amplitude: Variced irom moderate to maximum.

Duratiom Remained moderate throughout all experiments.

Noding: Remained about the same throushout all experiments, and

PR 4
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showed & decrease in Experiment VII,

Sustained low amplitude: Cecurred in the et masseter up to
wxperiment VI and then occurred in posterior temporal, during
“xperiment VII.

Rate of onset: Remained moderate throughout all experiments.

Rate of ending: Moderate throughout all experiments excent for
an increasg to maximum in xperiment 1V,

Interim activity: Maximum in the first three experiments and then
moderate in the next three experiments coatinuing to ¢ moderate in
Hxperiment VI

Initiation of chewing activity: The masseters, which at first
predominated in the onset of activity, failed to initiate activity in the
last iour experiments. Generally, the temporals assumed a more
important role in the onsct of activity as the treatment progressed,
except for dxperiment V. Lxperiment Il showed some possible confusion
as nearly all muscle or tombinations of muscles initiated activity.
Zxperiment Vi showad the comuination of the middle and posterior
temporals along with synchrony of all muscles initiating all chewing

activity. [ixperiment VIl showved synchrony to e predominant in
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initiating of the chewing activity.
Conclusion:

This subject has adapted well to the orthodontic procedures, the
muscular behavior showing only moderate noding or inhilbition and the

chewing activity teing initiated mostly by concurrent action of the muscle.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART § COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

L‘BjECFNmIER [3) K.P’.
Exp. No.f mrsxs[‘\mph(udci Duration| Nodinngusmmed‘ R'np Rate {
| y | low of fInterim
: amplitud On, t|ondiny ti
S G qmglu*«i ! g&_c vxtv_
! 1
1 3-6 | xx XX xxx | X-verr | xx | xx ]xxx
MASS.
n 2-5 | Xxx XX XXX | X-rerv § XX | xx XXX
MASS.
b
H]
My 3.5 | XX XX xxx | X-vefv | xx | xx XXX
MASS .
v l 2-6§ xxx XXX XXX | X-verr | XX | xxx | xx
MASS.
v
2-5 | xx XX Xxx | X-veFr | XX | XX X=XX
MASS .
vi 2-5 XXX XX XXX X=LEFT XX XX XX
MASS .
X-POST.
i a-4 | xxx XX XX Tere. By | xx XX
LEFTY
MASS .

LEGEND: xxx=maximum, x<=modcrate, x=minimum, O=no obvious change

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUBJECT NUVBER: 6. K. M.

CHEWING STROKES

Ell).(!:ﬂ%'l‘z‘;’m 1 1 m v v Vi
Masgeeter first 2 3 0} 0 0 1
Masseter and
middle temporal Oof 1 1 1 0 0 0
first
Masseter and
posterior temporal O O 2 0 0 0 0
first
bosteriortemporat || 1] 7 | 3 {5| 2| 8|2
firat

i 1
If\i/'rg:!le tempora ol 1 o) 1 0 0
;ﬁtterior temporal 0 1 0 4 0 0 0
All her
Gw‘cff;,y) 311 24121 9 4 |9
TOTAL NUNMBER OF 112 12 12 12112 12 12

Joene
-,
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Subject #7 (J.N.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VIL
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Suiject #7 (J.N.) Age 13
Class I Division | (Angle)
Treatment:

A.  Extraction of the four first premolars.

B. Appliance design. (Se2 Methods and Materials page 72.)

The maxillary archwire was a rectangular torquing archwire,

The mandibular archwire wés a horizontal loop levzling

archwire,

No elastics were worn.

High pull headgear was worn to the upper anterior teeth,
“valuation of the Characteristics of the Myograms.

Bursts: Hxperiments I through 1V exhiiited a "multi-burst searching™
pattern. Hxperiments V, VI, and VII showad more normal patterns of
bursts.

Amplitude: Maximum in Experiments I, [I, IV and VII, while it was
nioderate in Experiments II, V, and VI.

Noding: Remained moderate to maximum throughout all experiments.

Sustained low amplitude: Occurs occassionally in the rizht mass:ter)

Rate of onset: Moderate throughout all experiments.

[
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Rate of ending Moderate throughout all experimoents.

Interim activity: Occurred as moderate throughout all experiments
except Cxperiment Vil where it was minimum,

Initiation of chewing activity: In this subject there was a definite
aisance of the wemporal muscles initiating activity »y themselves 2xcepnt
in Sxperiment V. The masseters and synchrony of all muscles were
the predominant initiators of activity. A definite improvement in the
onsct of activity was noted in Experiment V and 2ven more in T<pari-
moent VI, as synchrony of all muscles became the predominant group in
initiating chewing activity, which was also shown in ixperiment VIIi.
Conclusion:

This subject exhibited considerable difficulty in masticating during
the ecarly experiments wut, Ly Txperiment VI, adapted to the orthodontic
procedures and by Hxperiment VII showed a very good electromyographic
pattern of muscular behavior, as evidenced by the small numbter of nodes
and the concurrent initiation of chewing activity Ly all the muscles

studied.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

Pl

SUBJECT'NUMBER: 7 J- N. s
Exp. No.! Bursts| Amplitude] Duration Noding;r Sustainedi Rate |Rate | !
| low lof  Jof Interim
A P, amE‘."._‘i"d onset] i[’d‘A"EEEE‘X’E'_%
1
1 6-8 | xxx XX xx | X-mionr [xx o Poox |oxx !
MASS. i
1
n 6-8 | xxx XXX xxx | o xx |xx XX
ut 6-8 | XXX XX XX X-riGHT | XX |XX X
* MASS .
v 6-8 | XX XXX XX X-r1GHT | XX [xx XXX~
nAss-. Feak:
XX-
MASS. &
v 2-5 | XX XX XX 0 XX |xx POST.
TEMP,
XX=
Vi 3a5 | XX XX XX X XX XX POST. |
TEMP,
vi 1-4 | xx=xxx | xx XX X xx | xx X :
LEGEND. xxx=maximum, xx=modcrate, x=minimum, O=no obvious change

THE BRHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUB[ECT NUMBER: 7 J. N.

EXPERIMENT
NUMBER

80

i

Masseter first

Masseter and
middle temporal
first

Masseter and
posterior temporal
first

Middle and
posterior temporal
first

Middle temporal
first

Posterior temporal
first

All together
(Synchrony)

TOTAL NUNMBER OF
CHEWING STROKES

12

12

12

12

12

pcad
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Subject #8 (L..P.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VII,
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Subject #8 (L.P.) Age 11
Class Il Division 1 (Angle)
Treatment:
A. Extraction of the maxillary first premolars.
B. Appliance design. (See Methods and Materials page 70.)
The maxillary archwire was a horizontal hook consolidation
archwire,
The mandibular archwire was a horizontal ook consolidation
archwire.
The elastics were of three types mentioned in Methods and
Materials (page 81). Intramaxillary clastics were worn in
the mandibular arch and between the arches, clastics were
worn in a Class Il and a triangular fashion.
“valuation of the Characteristics of the Myograms.
Bursts: Remained reclatively the same in all experiments except
Hxperiments Il and 1V where there were "sustained searching patterns’,
Amplitude: Maximum in all experiments except Il and 1V.
Duration: Increased from minimum in Experiment I to maximal in

Z¢periment [V and then decreased slightly in Sxperiments V, VI and




L4

secame moderate in VIL

Noding: Maximum throughout except for “xperimont 11 where it
decreased to moderate and Experiment VII where it was variable.

Sustained low amplitude: Predominantly in the masseter throushout
all experimonts, but also occurred occassionally in other muscles.

Rate of onset: Remained moderate throughout all experiments
except for a decrzase to minimum in Experiment 1V,

Rate of ending: Moderate throughout all experiments except for a
decrease to minimum in Zxperiment 1V,

Interin: activity: Maximum in masseters until FHxperimoent V when
it decreased to moderate and then becames minimum in Experiment VI
and ranged {rom minimum to maximum in Sxperiment VII, The posterior
temporals exhibited moderate interim activity in Fxperimenat V1 only.

Initiation of chewing activity: The onset of activity between experi-
ments remained relatively the same throughout all experiments excent
that in Experiment VI the pattern :ecame more stable, with only
synchronous activity of the muscles initiating chewing. Yowever, in
“«periment VI initiation of chewing activity occurrad ny almost all

combinations of muscles with the masscters beiny predominant.




Conclusion:

Up to this point the subiect had adapted well to the orthodontic
procedurcs but is having some difficulty in adapting during this final
stage of treatment, as shown by the increase in the number of nodes
{or amount of inhisition) and the decrease in the number of times the

chewing activity was initiated synchronously by the three muscie pairs.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

SUBJECT NUNBER: 8 (. P. S : !
Exp. No' mrsxs!,\mplitudc' Duration|Noding! Susmmed t R':tb Rate 1 |
i of Haterim |
— e | '_"‘,mEl,"_‘Ei_‘i,?"””'_‘ ;ndiﬂgz_a!ctiv.‘ty !
T ' T 1
L 2-6 | xxx X xxx | Xemio. | xx |xx  lxxx
TEMP., {
— -— 1
X—-MASS. }
& Mip, !
n 2=5 | xx XX XX TEMP. XX XX XX
n 2-6 | xXxX X XXX | X-mass. ] XX |XX XXX
\
I\ 2-6 X% XXX XXX X X X XXX
v 2-6 | XxX XX=XXX XX | X-MAass. | oxx | xx XX
PR SN P,
A
Vi 3«6 | xxx AX=XXX | XAX | XX-massd XX | xX XXX
il 1-8 | xxx XX XX XX xx | xX XX=XXX

LEGEND: xxx=maximum, xx=modcrate, x=minimum, 0=noobv10us ch'\ngg

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUBJECT NUMBER: 8. L. P

EXPERIMENT !
NUMBER riun lm jw|owv VI | v
Magseter first 6 S 5 5 3 5 5

Massgeter and

middle temporal 010 0] 1 0 0] 1

first

Masgseter and

posterior temporal 00 1 1 0 0 0

first

Middle and
posterior temporal
first

Viddle temporal ololo lol1 0|2

first

gcz.:tterior temporal O o) 0 1 0 O 1
1 r
g;;c",%f;’}j) 41 3 313165 7 | 2

” ﬂ
53?&%#”3%‘3%351,12 12 |12 {12]12 |12 |12

s
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Subject #9 (C.R.) Age 13

Class 11 Division 1 (Angle)

Treatment:
A.
B.

Extraction of the four first premolars.

Appliance design. (Sece Methods and Materials page 70 and 75.)
The maxillary archwire was a straight (horizontal) archwire
with attachments (coil spring and sliding hook) to the mesial
of the upper cuspids.

The mandibular archwire was a horizontal hook consolidation
archwire,

The elastics used were of two types described in Methods

and Materials (page 81). There were intramaxillary clastics
in the mandilular arch, 4nd between the arches, eiastics

were worn in a Class 1l and a triangular fashion.

cvaluation of the Characteristics of the Myograms.

Bursts: Experiments I through IV showed almost entirely "multi-

vursts”. In RExperiments V and VI there was a definite decrease in the

numuer of

bursts with Experiment VI showing the least number of Lursts

for any experiment. Experiment VII showed about as many bursts as




€Y

Hyneriment Vi

amplitude: Moderate throughout all 2xpzriments 2<cept for some
increase in Fxperiments 1T and TV and an increase to maximum in
Txperiment VI

Nuration: Moderate throughout all experiments cxcept ior an
increase to maximal in Fiperiment IV,

Noding: Maximun throughout all experiments except for decroeases
to moderate in Fxperiments I, VI and VIL

Sustained low amplitude: Occurred in the masseters throughout,
hut necame less in Fxperiments V and VI and disappeared in Sxperiment
VI,

Rate of onget: Romained moderate throughout all experiments.

Rate of ending: Moderate throughout the first five experiments,
out secame minimal in Teperiment VI and then returned to moderate
in Txperiment VI

Interim activity: NMinimun: throughout ail experiments.

Initiation of chewine activity: The occurrencs of synchronous onsat
remained about the same in Fyperiments ! throuch TV and then ncreased

markedly in Faperiments V and VI and then again in ViI. The massoters,

PR 4
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which at f{irst initiated activity abowt one-third of the time, did not
initiate activity in Fxperiments [V and V and oanly once in xperiment V7
and once in Fxperiment VII. The comuination of the middle and posterior
temporals initiated activity only infrequently in the first three sxperiments,
In "xperiment TV they initiated activity oane-half of the time, but theiv
frequency of initiation of activity decreased to about one-fourth of the
time o Zxperiments V and VI and not at all in Experiment ViIL
Conclusion:

This subject, after having experienced considerable difficulty in the
carly ekperiments, seemed to have adapted well to the orthodontic
procedures, showing a high percentage of initiation of chewing activity

v synchronous action of the muscles and a decrcase in noding.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

THE BEHAVIOR OF THE MASSETHR AND TEMPORAL MUSCLES

CHART I COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS .
BETWEEN EXPERIMENTS CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
S —— U PO EXPERIMENTS
SUBJECT NUNBER: ¢ C. . susjecT NurmBer: 3. € R
Eap. No.! Bursts| Amplitude} Duration NodngSustamed t R'!t; Rate | o ———e T - —_— o,
: ' | low : of Interim EXPERIMENT ! ‘ [ |
e . amplitud Onsct endingactivity NUMBER I oo v \% vi | v |
- T - it SR e eitterons N
i P Masseter first 3! 4 3 o) 0 1 "
vH=8 | X=XX XX XXX | X=Mass. | XX XX X 4
Masseter and
- middle temporal ! 0O 0 0 9) O ' 0
first #
—- - —
I 6=-3 | X=XX XX XX X=MASS. [ XX XX X Masseter and
o posterior temporal (0] 0 1 0 0O 0] 1
first
~ . Middie and :
HI 6=8 IXX-XXX XX XXX 0 XX XX X posterior temporal 2 2 1 6 3 3 0 .
* first !
Middle temporal
Midd olejo |[1{o}|o]o
v 6=8 ! X=XXX XXX XXX | X-mass. ix XX X
Posterior temporal ,
firet 2l2 {1 {1]l0]0 o0
\Y 2-6 | X=XX XX=XXX | XXX | X-mass. | XX |X=XX | X All together 1
iogether 5‘ 4 |6 (4|9 1810
TOTAL NUNMBER OF ’
CHEWING STROKES || 12 12 112 (12112 {12 |12 .
Vi 24 | X=XX XX XX X-mass. | xx |x X -
v 1-5 XXX XX X=-XX{i O X=XXE X=XX] X=XX
|
T
xxX=maximum, x<=modcrate, x=minimum, 0=no obvious changc

LLEGEND
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Subject #10 (H.S.)

TREATMENT STAGE AT THE TIN

RECORDINGS WERE TAKEN FOR

'E ELECTROMYOGRAPHIC

EXPERIMENT VIIL




Suiject 210 ((1.S.) Age 16
Class T (Angie)
Treatmant:

)

No teoth were extracted.

2. Appliance design.  (See Methods and Naterials page 32.)

at the time 2lectromyogranhic recordings were taken for

“xperiment VI, this subject alveady had the active appliance
removed and was using a ruober finishing appliance for
functional retention.

“valuation of the Characteristics of the Myograms,

Bursts: Showed a pradual increase in numoer {rom Sxperimant |
tc “xperiment VI and then decreased in Sxperiment VIIL

Amplitude: MNaximum throughout all cxiperiments except ior a
decrease to moderate in Zxperiments 1V and V.

Turation: Showad an increzase from minimurr in the first three

experiments to almost maximum in Bsperiments V, VI and VIL

Nodings: Increased progressively from minimum in Experiment § to
£ i p

maximun in Sxperiments V and VI and then minimum in Sxperiment ViL

Sustained low amplitude: N inimum until Pxperiment V when it

LR
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showed an increase in the masscter, It decreased in Sxperiment VI and
cecame avident again in Txperiment VIL

natz of onset; Remuined moderate throughout all experiments.

Rate of ending: Remained maximum throughout all @<poriments.

Interim activity: Minimum in all experiments except IV, VI and VI
whore it was moderate.

Initiation of chewing activity: The masseters initiated activity a
relatively constant numier of times except in Fxperiments 1T anc 1V,
when they did not initiate activity at all. Synchronous initiation of
activity occurred in ncarly ons-half of the cases in all of the experiments)
escept VI. In Experiment VI, the middle and posterior temporals initiated
activity most irequently, In Sxperiment VII synchronous initiation of
activity occurred in three-fourths of the cases.

Conclusion:

This subject appeared to e having ditficulty adapting to the
orthodontic procadures, but in Feperiment VI there is a recognizabls
improvement in the electromyouraphic pattern of muscular whavior.

This is shown by a considerable decreass in noding or amount of




inhisition during masucation and an increase in concurrent initiation o6

chowing activity oy the muscles.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART § COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 CONMPARISON OF ONSET OF ACTIVITY BETWEEN

EXPERIMENTS

supjecT Nuvaer: 100 H. S
EXPERIMENT i 1
NUMBER i noiom w| v vi | i
M ter first

asseter firs 2! 3 0 o) 3 > 3 1
Masseter and B
middle temporal 1 1 2 1 0 0 1
first
Masseter and
posterior temporal 0}0 1 0 0} 0 0
first
Middle and :
posterior temporal 3 1 5 3 3 5 0 |
first l
Middle temporal
Midd 1t1]lo0lolo oo
Posterior t i
foerion tempora 00 0 210 2 0
All together
(Synchrony) 516 4 6| 6 3 8
TOTAL NUNMBER OF | :
CHEWING STROKES |12 12 | 12 |12 ] 12 |12

i

i

SUBJECT'NUNMBER: 10 H. S. . _ Bl
Exp, No.! Bursts| Amplitude| Duration{Noding Sustaine‘di Rate [Rate |
. low i of of Interim
—_ ampl.itigi_mset endingiactivity
;
I 2-3 | xxx x x X-mAss. XX XX X
n 2-3 | xxx X X X XX XX X
m !
. 2-4 | xxx X XX X-mass. IXXx  p(xx X !
i
v 2-6 ! xx XX XX 0 XX |xxx XX
|
v 2-6 | XX=XXX | XXX XXX AX=XXX XX |xxx X !
MASS.
vI 49 | xxx XX=XXX | XXX | XX-mass.|én |uxx X
i 1t | axx AXX x-'xxw X=POST. | X=XXAX-XXX] X-XX
TerP., &
HASS .
1
LEGEND: xxx=maximum, x<=mode¢rate, x=minimum, O=no obvious change

gel
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Subject #11 (E.S.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VII. ;
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Suvject #L1 (E.5.) Age 14
Ciass H Division i (Angle)
Treatment:
A.  Noteeth were extracted.
B. Appliance design. (See Methods and Materials page 75.)
The maxillary archwire was a straight (horizontal) archwirs
with sliding yokes to the upper first molars.
The mandibular archwire was a straight (horizontal) archwirs
without attachments.
The elastice used were of the Class Il type, vetween the
arches, as described in the Methods and Materials (page #1).
“valuation of the Characteristics of the Myograms.

Bursts: A "muiti-Lurst searching’ pattern was evident throughout
except for Fxperiment V and Experiment VII. “xperiment VI showed a
raturn Of the "searching” pattern.

Amplitude: Remained moderate until Zxperiments V and VI, which
showed maxiimum amplitude in the posterior temporals and minimum
amplitude in the masseters. Amplitude in Experiment VII was moderata.

Duration: Duration on the left side was maximum throughout whilc
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that on the right side was moderate until Fxperiment V1, when it increased
to maximum. Duration in FExperiment VIl was moderate,

Nodingm Moderate throughout all experiments 2xcept for an increass
to maximum in Experiments 11 and V1.

Sustained low amplitude: Hvident in the right masseter throughout
all cxperiments except for Experiment IV. In Experiments V and VI the
left masseter also showed sustained low amplitude. The masscters
showed sustained low amplitude again in Experiment VIL

Rate of onset: Moderate throughout all experiments.

fate of ending Moderate for Experiments [ through IV, sut decreased
glightly in Experiments V, VI and VIl

Interim activity: Maximum to moderate {or the first four oxperi-
ments. In Experiments V and V1 it decreased to minimum, but returnzd
to mederate in Sxperiment VIIL

Initiation of chewing activity: In Bxperiments I through Il the onset
of activity showad some confusion as ncarly ail muscles or groups of
muscles participated in initiating chewing activity. In Experiment 1V,
aynchronous initiation and initiation by the temporals showed more
predominance. In Experiment V, three-fourths of the chewing strokes

I 4




wer2 initiated by a syachrony of all the muscles, In Sxperimont Vi,
the middle and posterior temporals as a croup and synchrony oo ail
muscles predominated in initiating the chewing stroke. The szame
nattern of initiation was {ollowed in tixperiment VII as in Zxperiment VI,
Conclusion:

This subject exhibited a confused muscular pattern of ichavior and
appeared to »e haviny some difficulty in adapting to the orthodontic
procedures until Zxperiment VII where there is an improvement in the

muscular behavior as detected electromyographically.




THR BBHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART | COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS

BETWEEN EXPERIMENTS

SUBJECT'NUMBER: 11 €. s. § X
Exp. No.! Bursts| Amplitude Duration[Noding Sustainéd ‘ Rate |Rate |
R low s of of Interim
amplitudd onset|cnding|activity
pl onseqjendingjactivity
: =
i 2-7 }xx xx=xxx | xx X-nass. fyx  Ixx XX=XXX
n 2-7 |xx XXX XX [X-mass. (XX XX |XX=XXX
1" 2-7 X XX=XXX | XXX i X-mass. IXX XX XX
v 2-7  |xx XX=-XXX | xx 0 XX Kx X=XXX
v 26 [X-XXX  !XX=XXX |XX X-Mass. [XX  K-xx |x
Vi 2-7  x=xxx  {xxx xxx  |XmAsSSe x kexx | x
v 2-6  |x-xxx  |xx XX X-mass. XX Kk-xx | xx

LEGEND: xxx=maximum, xs=modcrate, x=minimum, 0=no obvious change

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUBJECT NUMBER: 11. E. S.

EXPERIMENT

NUMBER 1 1 11 v A% vi vn

Masgsgeter first 3 5 4 2 1 0 1

Masseter and

middle temporal 1 1 1 0] 0 0] 0]

first

Masseter and i

posterior temporal 0] 1 2 0 0 0 0]

first

NMiddle and

posterior temporal 1 2 2 2 1 7 5

first

Middle emporal - 11901 0 |1 0|0 |0 |0

lf’ic;’sst:rior temporal 0 1 0 3 1 O 0
1 he

{‘Sy;c‘"%f;,y; 71 2 2 1519 5 6

S StRoxes (12112 [ 12 [12 | 12 [ 12 |12

Mesé
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Subject #12 (].S.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VIL




Subject #12(].5.) Age 16

Cilass Il INivision 1 (Angle)

Treatinent
A »

2.

No teeth were extracted.

Appliance design. (Sze Methods and Materials page 75.)
Maxillary archwire was a straight (horizontal) archwire
with a sliding hook to the upper right first premolar,
The mandibular archwire was a straight (horizontal) idcal
archwire.

The clastics used were the Class Il type as described in

Methods and Materials (page Bi).

“valuation of the Characteristics of the M yograms.

Bursts: In Jxperiments [ through 1V there was a "multi-urst”

pattern,  In SExperiments V, VI and VIl this decreased to a more normal

pattern of three to six bursts.

Amplitude: Remained moderate to maximum throughout all experi-

mants.

Duration: Showed a range of minimum to moderate in Expueriments

I and 11, while an increas? toa range of moderate to maximum was

PR &
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evident in Experiment Il and 1V. In Experiments V and VI the duration
decreased to minimum, and returned to moderate in Experiment Vil

Noding: Remainzd minimum to moderate for the iirst five experi-
ments, Hut showed an increase to maximum in Experiment VI and returned
to moderate in Experiment VII.

Sustained low amplitude: Absent until Experiment VI, when it
appeared in the masseters and showed again in Experiment VIL.

Rate of onset: Moderate throughout all experiments,

Rate of ending: Moderate for the first five experiments, increascd
to maximum in Experiment VI and then dropped to minimum in Sxperi-
ment VI

Interim activity: Remained the same throughout the first six
experiments and then became moderate in Experiment VI

Initiation of chewing activity: In Experiments [ through 11l the
masseter was quite evident as an initiator of activity., A decrease in
masseter initiation was cvident in Hxperiment IV and there was no
magseter initiation of activity in SExperiments V and VI, Synchronous
initiation of activity remained relatively stable in Fxperiments [ through

IV, sut showed a predominance in Experiment V. Experiment VI showad
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a definite decrease in the occurrence of synchrony initiating the chewing
stroke to the fewast number of times of any experiment. The temporals,
which rarely initiated activity throughout the first five experiments,
recame the predominant muscles of initiation of the chewing stroke in
“xperiment VI. In Experiment VII the role of initiation of chewing
activity was more or less divided between the temporals and synchronous
activity on the part of all three.
Conclusion

This subject exhilited some diificulty in chewing during =<peri-
ments [ through IV, but showed good adaptation to the orthodontic
procedures in ‘:’Bscperimeﬁts V., Vliand VII, as shown by the increase in

synchronous initiation of chewing activity Ly all three pairs of muscles.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART £ COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS

BETWEEN EXPERIMENTS

SUBJECT NUNBLR: 12 4.5,

—_ —_ _ ‘
Exp. Mot Rul‘s(s|.r\mpliwdc§ Duratto Nodmg‘;Sustamcd l Rate |Rate |
: ! ' | low tof  Jof i!ntgrim ‘
! i set |endi activi
P PP S S amplitudd onsetjonding activity
e | i e
i booag | oxxexxx | x=xxx | x- ) XX px b oxexox
} XXX
— , _ .
| .
n l 2-3 1 xx=xxx | xx=xxx{ xxx |o XX |xx XX=XXX
|
L Il
. T T
: ',
" [ =B =onc [ x=xxx | oo o XX {xx X-XXX '
- ——b 4 -
; T
I
| |
W [2=8 & xx=xxx XX=XXX | XXX } O XX [xx X
i
— 1[ JT —_——
! 3-5  XX=XXX | XXX xxx |0 XX |xx X=XXX
- - S N
Vi l S5 ) oxx=xxx | oxxx XvX ) Xemass. | xx 0 xxx X=XX
—_—t
v .
o8 | xx—xox | xxx XX | X-post. | XX= [XX— X
i TeEMP. | XXX |XXX
|
- -
Y

I EGEN?

xxx=maximum, xy=moderate, x=minimum, O=no obvious changc

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 CONMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIVENTS

SUBJLCT NUMBER: 12. J.S.

EXPERIMENT
NUMBER 1 H 1L v VI v
Masseter first 5! 7 4 2 0 0] 0 -
Masseter and
middle temporal 1 1 O 0 1 0 0
first
Massgeter and

i 1
1|i?'l(xu.sstterlor tempora 1 1 0 1 O O 0
Middle and
posterior temporal 210 1 3 1 7 1
»ﬁrst
fra ™™ floto |1 10 |O {0
gt;sstterior temporal 0 0 > 1 0 3 > ‘!
All togethe:
Al togother 31314 (41029
TOTAL BER OF :
Cwine sroxes 1121 12 |12 12 [12 {12 |12

0L
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Subject #13 (A.S.) Age 13
Original Malocclusion

gle Classification: Class II Division 1




Subject #13 (A.S.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC

RECORDINGS WERE TAKEN FOR EXPERIMENT VIL

172
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Subject #13 (A.5,) Age 12

Class Il Division | (Angle)

Treatment:
A.

B.

Extraction of the four first premolars.

Appliance design. (See Methods and Materials page 70.)

The maxillary archwire was a horizontal hook consolidation
archwire with coil springs and sliding hooks to the upper
canines,

The mandibular archwire was a horizontal hook consolidation
archwire.

The elastics were worn in three ways as described in Methods
and Materials (page 81). The clastics used were intramaxiliary
in the mandibular arch, and between the arches, elastics were

worn in a Class Il and a triangular fashion.

“yaluation of the Characteristics of the Nyograms.

Bursts: xperiments I and Il showed very few vursts while Experi-

monts I to VI showed an increase to a range of irom two to five ursts.

The number of bursts drops in Experiment VII to one to four lursts,

Amplitude; Varied from moderate to maximum throughout ali

R &
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axperiments.

Nuration: Moderate throughout all experiments, except for a decreasd
to minimal in Experiments I and II1.

Noding: Moderate in Zxperiments I, V, and Vil and maximum in all
other 2xperiments.

Sustained low amplitude: Absent in Experiments I, IIl and IV,
moderate in Experimernt II, and moderate in the left masgseter only
Experiments V and VI. Minimum in both masseters and the left posterior
temporal in Experiment VIl

Rate of onset: Remained moderate throughout all experiments.

Rate of ending: Moderate for the first five experiments, but
increasing to maximum in Fxperiment VI and decreasing back to moderate
in Fxperiment VIL

Interim activity: At first maximum, then ecame moderate in
“Zxperiments 11 and 111, and then decreased to minimum in the remaining
“xperiments except for Experiment VII where it became moderate.

Initiation of chewing activity: The masscters, at first the
sredominant muscles in initiating activity, became less active in this

role until Experiment V, when they initiated activity only once. In

PR




Fxperiment VI there was an increase in their role as initiators of
activity. The temporals, at first almost inactive in initiating activity,
gradually oecame more active in this role, and in Experiment VI initiated
activity almost one-half of the time. Synchronous onset of activity
secame more predominant from Experiment I to Experiment V when it was
the most important group initiating chewing activity. The synchrony then
decreased in irequency of occurrc o in Experiment VI, but increased to
three-fourths of the time in Experiment VII.
Conclusion:

This subject displayed reasonably good muscular adaptation to the

orthodontic procedures.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERINMENTS

SUBJLCT NUNBER: 13

A. S.

i

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

cu)urr 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUBJECT NUMBER: 13. A. S

Exp. No.i Bursxsi ,\mpluudc? Dur.ation :x'odingf%ust:uned } Rate |Rate |
: ¢ | | low of of ‘Interim
; amplitudd onsct cndingi_ucti\'ity
B |
1 2-3 | xxx XX XX ) XX (XX | xxx
n 3 XX X XXX | xx XX |Xx XX
: :
h 2-5 | XXX X XXX | O XX XX XX
v 2-5 | xxx XX xxx | o XX XX X
;
v 2-5 | xX XX XX XX=MaSSJ XX |[XX X
VI 32-5 | xx XX XXX | XX=MASSJ XX XXX X
v
14 | xxx XX X=XX] X XX fX=XX | Xxx
+ +—

LEGEND: xxx=maximum, x:=piodcrrte, x=minimum, O=no obvious chang.

EXPERIMENT

NUMBER 1 n 111 v v v

Nasgseter first 6 3 2 3 1 3 3

Masseter and

middle temporal 1 3 1 1 0 9] 0-

first

Masseter and

posterior temporal 1 0 1 0 0 0 0

first

Middle and

posterior temporal 1 1 1 2 3 4 1

first

z’rigfle temporal o) 0 1 0 0 1 0

lf’i?istterior temporal 0 0 0 0 0 0 0

All he

Al together 31516 6|8 1! 4]8s

TOTAL NUNMBER OF !

CHEWING STROKES !125 12 12 {12 |12 12 {12
.:3

for)
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Subject #14 (D.T.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC
RECORDINGS WERE TAKEN FOR EXPERIMENT VII.

178
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Subject #i4 (L T.) Age 15
Clags 1, Pseudo Class 11 (Angle)
Treatment
A.  Noteeth were extracted.
B. Appliance design. (See Methods and Materials page 82.)
At the time electromyographic recordings were taken for
Experiment VII, this subject already had the active appliance
removed and was using a rusber finishing appliance for
functional retention.
izvaluation of the Characteristics of the Myograms,
Bursts: Remained relatively the same (two to six) throughout the
first six experiments but dropped in Experiment VIIL.
Amplitude: Ranged from moderats to minimum throughout the first
six experiments and then became maximum in Hxperiment VIL
Duration: Remained moderate throughout all experiments.
Noding: Remained maximum in the first six experiments and then
dropped to minimum in Sxperiment VII.
Sustained low amplitude: Cccurred in all experiments except ¥xperi-

meaent 1V,




180

Rate of onset: Noderate throughout all experiments.

Rate of ending: Moderate throughout all experiments.

Interim activity: Minimum in all experiments escept Experiments
11, and IV, when it was moderate.

Initiation of chewing activity: The massecters, which at first
initiated activity one-hali of the time, became less active in the role of
initiating activity until, in Experiment VI, they only initiated activity once
out of twelve times and not at all in Experiment VII. Synchrony of all
muscles, on the other hand, which at first played a very minor role in
initiation of activity tecame more predominant and in Experiment Vi
initiated activity one-half of the time and did so again in Experiment VIIL.
The temporals, also almost inactive in initiating activity at first, .«<cam:
more important in later experiments. In Experiment VI they were active
in the onsct of activity almost one-half of the time and exactly onc-half
of the time in Sxperiment Vil
Conclusion:

This subject adapted well to the orthodontic procedures.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL. MUSCLES

CHART § COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS
BETWEEN EXPERIMENTS

SUBJECT NUNBER: 14 D. T.

Exp. No.‘ Bursts] Amplitude) Duration ‘\Jodmg Sustained ‘ Rate |Rate 1
{ | low of ‘Interim
' amplit On';» onding activity
—_— plitud onseg “ﬂf _______
| 2-6 | xx XX xxx | x xx |xx | x
| -
+
!
n 24 | x XX XX X XX XX X
m
3.5 | xx xx xxx | x XX | Xx X
v 3-6 | XX xx-xxx| xxx | o XX | xx XX
v 2-6 | X XX xxx | x XX | Xxx X
Vi 2-5 | X XX XXX | X—mass. | XX XX X
vi 1-3 | xxx xx=xxx| x-xx| o XXX K=XX | X=XX
LEGEND: xxx=maximum, xx=modcrate, x=minimum, 0=no obvious change

THR BRHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

M 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN

EXPERIMVENTS
syBjecT NUVBER: 14 D T
EXPERIMENT
NUMBER 1 u 11t v v vi i
Masseter first 6 3 3 0 3 1 (o)
Masseter and -
g\rig:!le temporal 0O1i1 O jO 0 0 0
Masseter and

i 1

posterior temparal 111 | 0 | 1 |0 [0 |0 }oO
Viddle and
posterior temporal 212 3 2 6 4 6
first i
Miadle emporsl |l 110 |0 |0{0 |0 |O
'gzs'tterior temporal O 1 1 5 0 1 O
P s+ |s[ss]s
T 12012 |12 12|12 |12 |12

81




subject #15 (J.V.) Age 16

Original Malocclusion

™

Clasgsgification: Class Il Division 1

o 3
praw
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Subject #15 (J.V.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC
RECORDINGS WERE TAKEN FOR EXPERIMENT VIIL

183
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Subject #15 (J.V.) Age 16

Class I Division i (Angle)

Treatment:
A.

B.

Extraction of the four first premolars,

Appliance design. (See Methods and Materials page 70.)

The maxillary archwire was a vertical hook consolidation
archwire,

The mandibular archwire was a horizontal hook consolidation
archwire.

The elastics used were intermaxillary Class [I's and an

elastic worn in a triangular fashion (See Methods and Maturials

page 81.)

Evaluation of the Characteristics of the Myograms.

Bursts: Moderate in Experiment I, but became "multi-bursts” in all

of the following experiments except for Experiment VII which had a

reduction to one to three tursts.

Amplitude: Moderate in Experiments | and [l and then became

maximum in the remaining experiments.

Duration: Moderate in Experiments I and 1I, maximum in Experi-

PR
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ments [II and [V, and then between moderatz and maximum in Experiments
V, VI and VIL.

Noding: Moderate in Experiments [ and {I, then became maximum
throughout the remaining experiments until Experiment VII where it dropped
to minimum to moderate,

Sustained low amplitude: Minimum throughout all experiments.

Rate of onset: Moderate for the first five experiments and then
became maximum in Experiment VI and then in Experiment VI returned
to minimum to moderate.

Rate of ending: Moderate to Experiment VII then it becomes
minimum,

Interim activity: Minimum to moderate throughout first six oxperi-
ments and then in Experiment VII it hecomes maximum.

Initiation of chewing activity: Synchrony of all muscles, which
initiated activity one-half of the time in the first two experiments,
hecame more predominant in FExperiments 1V and V, when it initiated
two-thirds of the chewing strokes. There was a marked decreasce in
synchronous initiation of the chewing stroke in Experiment VI and a

markad increase in SExperiment VII where it initiated the chewing stroke

PR
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ten out of the possible twelve times. The masseters, at first somewhat
active in initiating activity, failed to initiate activity in XExperiments IV
and V and initiated activity only once in HExperiment VI and twice in
Experiment VII. The middle and posterior temporals as a group showed
increased importance in initiating activity, doing so in one-half of the
chewing strokes in Experiment VI, but not at all in Experiment VII.
Conclusion:

This subject exhicited some difficulty in adapting to the orthodontic
procedures but finally did so at the time of FExperiment Vil, showing less
inhibition during mastication and more occurrence of synchronous

initiation of chewing activity,




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS OF MYOGRAMS.
BETWEEN EXPERIMENTS

SUBJECT NUN'BER: 15 . v.

v

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIVENTS

SUBJECT NUMBER: 15. J. V.

E:}E’EBFSFI(VENT I 11 1 v \'4 V1 vn
Masseter first 3 1 3 o 0 1
Masgseter and

middle temporal 0] 1 1 1 1 0]
first

Masseter and

posterior temporal 0] 0 0 0 0 0 0
first

Viddle and

postcrioar temporal 1 4 3 1 4 6 0
first

Middie emporal - 1110 | 1 OO [0 |O
lfi’;:;tterior temporal 1 0 O O 0 0 0
11 her

A together 616 [ 4 |10] 814 |10
S sTROkES ([12112 [ 12 [12 [ 12 {12 |12

i

Exp. No.? Bursts ,\mplitudci‘ Duration Nodinngugminedf Rate | Rate 1
: [ | low tof  |of {nterim
S P  amplitudd dnseg endingoctivity
! ] i -
1 } 1-6 | xx XX xx | x=post. Ixx {xx | x
TEMP,
n 4-8 | Xx XXX XXX | X FXX | XX XX
] e
i 4-8 | xx XXX xxx | x-post. D xx |xx X
TEMP,
v 4.8 | XXX XXX XXX | X-poST. { XX | XX X=XX
TEMP,
v 48 | XX=XXX | XXX XXX | Xemass. | XX | XX X~XX
Vi 4-8 | xxx XXX XXX | X=MASS. | XXX | XX X=XX
v 1-3 | xxx XXX x=xx| x r-xx X=xX | XXX
LEGEND: xxx=maximum, x:=modcrate, x=minimum, 0=no obvious change
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Subject #16 (J.W.)

TREATMENT STAGE AT THE TIME ELECTROMYOGRAPHIC
RECORDINGS WERE TAKEN FOR EXPERIMENT VIL

s

4
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Subject #16 (J.W.) Age 14

Class Il Division 1 (Angle)

Treatment

A.

FExtraction of the maxillary first premolars (lower first
permanent molars missing).

Appliance design. (See Methode and Materials page 72 and 75.)
The maxillary archwire was a rectangular torquing archwire.
The mandibular archwire was a straizht (horizontal) ideal
archwire with second order bhends.

The elastics were worn as described in Methods and Materials
(page £1), in a Class Il and a triangular fashion between the

two arch:s.

Evaluation of the Characteristics of the Myograms.

Bursts: Remained in the same range {two to six) throughout all

gxperiments.

Amplitude: Remainad minimum until Sxperiment IV where it

increased to moderate to maximum.

Duration: Minimum at first, increased to maximum in Experiment IV

and then decreased to moderate in Experiment V, VI and VIIL.

PR
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Noding: Minimum in Zxperiments ! and [V and moderate in all other
gxperiments.

Sustained low amplitude: Showed moderate to maximum activity in
Experiments I through V. In Experiments VI and VII the sustained low
amplitude became minimum.

Rate of onget: Minimum until Experiment VIl where it became
moderate,

Rate of ending: Minimum for the first four experiments and then
became slightly increased in Experiments V, VI and VII.

Interim activity: Remained minimum throughout all experiments
except for and increase to moderate in Experiment VI and also Dxperi-
ment VII.

Initiation of chewing activity: The temporals were predominant in
initiating the chewing stroke throughout the first five experiments, There
was some synchronous initiation of activity at first, but this was reducsd
in Experiment [V and V. In Experiment VI, synchrony of all muscles in
initiating the chewing stroke occurred in nearly all of the chewing
2xercises., In Experiment VII initiation of chewing activity was accomplish-

ed by almost all muscles groups mainly the middle and posterior tcmpcral{

P
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Conclusion:

This subject's muscular chavior adapted well to the orthodontic
procedures until Experiment VII where the electromyographic pattern of
chewing Lecame worse than it had Leen previously, ethibiting much
more inhitition during mastication at this time, prouably due to the
fact that this subject was Dbeing treated to a full Class Il (distocclusion)

molar relation.




THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 1 COMPARISON OF THE CHARACTERISTICS

BETWEEN EXPERIMENTS

OF MYOGRAMS
'

e e
SUBJECT 'NUMNBER: 16 J. W. . :
Exp. No.' Bursts| Amplitude! Duration Noding!Susmine’df Rate [Rate { !
o | low of of Interim |
e ; amplitudd dnset| ending activity
! 1-6 XX XX XX X=P0osST. | XX XX X
TEMP.
n 2-8 | xx XX XX X XX [xx X
l"‘ 2-8 XX XXX XXX X=POST. | XX XX X
TEMP.
v a-9 | xxx XXX XXX | X-posT. | XX XX X=XX
TEMP,.
v 8.9 | XXX XX-XXX| XXX | X-mass. | XX {XX X=XX
Vi 2=7 XXX XX=XXX{ XXX X=MASS. | XXX | XX X=XX
vn 2=7 XX=XXX XX XX= X XX XX XXX
XXX
I.LEGENT: xxx=maximum, x:=modcrate, x=minimum, O=no obvious change

THE BEHAVIOR OF THE MASSETER AND TEMPORAL MUSCLES

CHART 2 COMPARISON OF ONSET OF ACTIVITY BETWEEN
EXPERIMENTS

SUBJECT NUMBER: 16. J. W.

EXPERIMENT :
NUMBER e | m tw] v | vilwm
Massgeter first 1 2 O 1 O 1 1

Masseter and

middle temporal 1 0] 1 0] 1 8] 0

first

Masseter and

posterior temporal 1 0] 0 0 0 0] 0]

first

Middle and

posterior temporal 3 2 5 9 4 1 5

first

Viddle temporal olo 0 |00 |0

first

2
gcz’set[erior temporal 3 4 0 0 5 1 )
2

i 3t4le (21219

TOTAL NUNMBER OF ’12
CHEWING STROKES |}

et
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General Conclusion:
In most cases the clectromyographic pattern of muscular behavior
exhibited more inhibition or noding and less synchrony in initiation of

chewing activity from the original malocclusion through the placement

of the first archwires. The muscular behavior, regarding the 2lectro
myographic qualitics studied, improved during anchorage preparation,
then showed lesgs harmony at the completion of anchorage preparation

and improved again during the final stages of orthodontic treatment.
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. Part U1

The onset of electromvographic activity for cach of the muscles or
muscle groups in zach of the first three chewing cycles of each chewing
exercise (considering the ipsilateral side only) for ¢ach individual subject
in this experiment, Zxperiment VII (During the Final Stages of Crthodontic
Treatment. ), was tabulated in chart form. Then the totals for the
individual subjects were summed and a chart was made showing the
nunner of times cach muscle or muscle group initiated chewiny activity
in Experiment VII. These data were then added to the similar data rom
Axperiments [ through VI and appear in Part {1 of the "TINDINCE” as
Chart I1. This chart was also illustrated graphically ag Craph | in Part
I of the "FINDINCS". The tatulations appearing in the chart and the
sraph were done using all seven possible comi:inations of the musclz and
muscle groups studied in this experiment as lollows: masseter first,
masseter and middle temporal {irst, masseter and posterior temporal
first, middie and posterior temporal iirst, middle temporal first,
posterior temporal frst, and all tecether (synchrony).

The object of this method of study ixing to ousserve any wencral

trends that may have occurred in the division of labor oetween the




CHART 2. COMPARISON OF ONSET OF
ACTIVITY BETWEEN EXPERIMENTS FOR
ALL SUBJECTS.

! t
[
|

IRIVENT : ,
Igntmglv \ VI

NUM BER

- a— - .. - w e em . i T by, sk pe e —— - ———— - - s

196

—

|
i
-

Masseter first 66‘ 65 | 50 (38122121

Masseter and

middle temporal 9 1 3 10 7 3 2

first

Masseter and l

posterior temporal 51 2 10 4 O 1

first

MNiddle and

i

?osterior temporal 119129 |37 140 148 |61 |25
1rst
?_/’iddle temporal ‘3 4 6 2 6 7 , 5 5
irst
i
Posterior temporal 19112 | 7 132110 110 | 9 |11
. — - L - 'L § NEN S—
All together , L -
Al togothes | 79l 67 | _7.2 69189 90 123 136J|
St SrRoxes 11921192 | 192 (192|192 192

192]
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muscles being studied, from the beginning of orthodontic treatment througty
the final stages of treatment.

Of the various combinations of muscles and muscle groups heing
studied for the initiation of chewing activity, the combination to initiatc
the chewing cycle most often, throughout all experiments thus far in this
study, was the comnination of the masseters and middle and posterior
temporals acting concurrently, Qut of a possible 192 times this combi-
nation of muscles initiated the chewing activity 79 times in Experiment |
(The Original Malocclusion). Initiation of activity on the part of those
muscles as a group, decreased slightly in Experiment Il (One Day After
the Placement of Separating Wires Between the Teeth) and stayed fairly
level, with only slight up and down fluctuations through Experiments (il
(One Week After the Placement of Separating Wires Between the Teeth)
and IV (One Week Aiter the P'acement of the First Archwires), but began
to increase in Experiment V (During Anchorage Preparation), where thay
initiated chewing activity 89 out of 192 times, and continued to increass
through Experiment VII (During Final Stages of Treatment), where they
initiated activity 123 times out of the possible 192,

The second most frequently occurring muscles or muscle groups to

.




initiate the chewing cycle in the original malocciusion were the masseters,
These muscles showed their greatest activity in initiating the chewing
activity in Experiment | (The Original Malocciusion), where they initiated
the chewing cycle sixty-six times out of a possible 192. From therc on,
the activity on the part of the masseters progressively decreases and in
Zxperiment VII (Curing the Final Stages of Treatment) they initiated the
chewing cycle only twenty-two times out of the possibile 192, It is
interesting to note, however, that although there is a decrease in the
numper of times the masseters initiated chewing activity {rom the
original malocclusion, to one week after the placement of the {irst arch-
wires, there seems to e a leveling of the initial rapid decrease, and
the number of times the masseters initiated chewing activity from
during anchorage preparation on, remained fairly constant ieing twenty-
two, twenty-one and twenty-two times out of the possible 192 for Expori-
ments V, VI, and VII, respectively.

The comoination of the middle and posterior temporal muscles,
acting together in initiating the chewing cycle, was the third most
active initiator in the original malocclusion, initiating activity nineteen

times out of 192 times., This comuination showed a steady increass

N
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from Experiment I (Original Malocclusion) through Experiment VI (After
Completion of Anchorage Preparation), where they initiated chewing
activity sixty-one times out of a possible 192, but in Experiment VII
(Turing Final Stages of Treatment) showed a rapid drop to twenty-five
times out of a possible 192,

The posterior temporal showed little variation in the number of
times it initiated the chewing activity except during Sxperiment IV (One
week After Placement of the First Archwires), when it initiated the
chewing activity approximately three times more often than during any
other phase of treatment,

The remainder of the muscles or muscle combinations studied in
this experiment stayed relatively constant in the number of times they
initiated chewing activity throughout the entire study.

Comparing the activity of the middle and posterior temporals
acting together, with that of the masseters, and concurrent activity of
all three muscles, it can be seen that initiation on the part of ths
middle and posterior temporals steadily increases, while initiation on
the part of the masseters steadily decreases until Experiment IV {Cne

veek After the Placement of the First Archwirez) where the middle and

.o
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posterior tomporals initiate chewing activity only slightly more than the
masseters. After this point, initiation of chewing activity scems to be
largely a function of the middle and posterior temporals acting together,
or of the three pairs of muscles acting concurrently, until Experiment
VII (During Final Stages of Trcatment) where initiation on the part of
the middle and posterior temporals drops suddenly (twenty-five out of
a possible 192 times) and concurrent initiation of the chewing activity by
all three pairs of muscles acting synchronously becomes dominant.

As shown in Experiments ! through VI in Part V of this study, the
trend seemed to indicate a decreasing participation on the part of the
masscter muscles and an increasing participation on the part of the
combyination of the middle and posterior temporal muscles. But in
Experiment VII (During the Final Stages of Orthodontic Treatment) the
trend changes and, although initiation of the chewing cycle on the part
of the masseters continues to decrease, so does initiation of the chewing
cycle on the part of the middle and posterior temporals. It is at this
point that the concurrent activity of all three pairs of muscles take over

the initiation of chewing activity.
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D. Part I

The object of expressing the chewing stroke or uiting stroke as a
percentage of the chewing cycle in each experiment for all sixteen
slWjects was to sce what cifect, if any, the differcnt stages of orthodontic
treatment had on the length of the chewing stroke or .»iting stroke and to
see what the trend was as orthodontic treatment progressed. (A chewing
stroke or uiting stroke was considered to ue that portion of the chewing
cycle that egan with the onset of electrical activity and ended with the
cessation of electrical activity as detected electromyographically. }

In order to do this, a statistical analysis was used that would =
applicavle in determining if there were a statistically significant diifercence
petween the various stages of treatment that distinguished these seven
experiments in this study. In addition to this, the actual percentage valuss
wers counted and their frequency of occurrences were tabulated and
made into a separate histogram for each ziperiment. These histograms
were then compared to ascertain the trend.

The Chi Squarc Test was used to compare these data of the length
of the chewing stroko ‘rom experiment to experiment. A highly significant

ditfference was iound to exist between the seven experiments at the 006

.
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level of significance with thirty-six degrees of {reedom. This showed
that there was a significant change in the distrilution of the durations
of the chewing strokes or biting strokes uxpressed as a percentage of
the chewing cycle Letween the seven cxperiments.

Again using the Chi Square Test, Pxperiment VII (During the Tinal
Stages of Orthodontic Treatment) was comparcd against Fxperiment |
(Original Malocclusion) and the two were found to be significantly different
at the .00! level of significance with six degrees of frcedom. This would
mean that the distribution of the durations of the chewing strokes or
piting strokes in Zxperiments | and VIl were in no way alike.

Another comparison was made between Experiment VII and Sxperi-
ment VI (After Completion of Anchorage Preparation) and a significant
difference at the .00} level of significance with gix degrees of freadom
was found to exist. This would mean that the distribution of the durations
of the chewing strokes or biting strokes in these two experiments,
although different, were not nearly as different as the distributions of
the durations of the chewing strokes or aiting strokes between Fiperi-
ments [ and VIL

From this analysis it can be seen that there is no similarity in

R
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TABLE OF CHI SQUARE VALUES FOR
THE FREQUENCY OF OCCURRENCES OF
PERCENTAGES WITHIN CLASS INTERVALS

Exp. NO. I 11 111 IV v | v VII
2T

b-34.9% ¢ CE 2.56] 2.83 1.19 .02 [ 17.67 |15.0¢
35-44 .55 6.C3 | 17.45 | 3.3¢ .TE W14 | 14,55 | 2.20
15=54 ,G% e5& 03 | 6.7E 1.62 61| 1l.28 .18
B55-64.6% |12.05 6.79 | 18,01 | -2.11 Ol | 1.66 | 5.36
65=T4 oG5 .32 324 | 3436 £0! 2444 3.05| 3.05
75-84.9% | €.56 23 | Te69 Q3| l.42| 9.22 59
85-100% | 2.60 5e24 .03 66460 1.06 | 6.17 | 5.73
TOTAL 151.05 | 48,00 | 46.62 |76.00 8.65 | 46,17 | 36.71

TOTAL CHIZ =27857***

WITH 36 DEGREES OF FREEDOM
THE ASTERISKS CORRESPOND TO THE LEVEL OF SIGNIFICANCE AS

FOLIOWS: #* TO 5%; %% T0 1%; *%*% TO 0¢1%..
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the distribution of the durations of the chewing strokes or bitiné strokes
expressed as a percentage of the chewing cycle in these phases of
orthodontic treatment and it further emphasizes that the duration of the
chewing stroke or uiting stroka expressed as a percentage of the chewing
cycle changes during orthodontic treatment.

To facilitate a method of grouping the data, percentage intervals
were arbitrarily designated and were called class intervals., These were
as follows: 0-14.9%%, 15-24.9%, 25-34.9%, 35-44.97, 43-34. 97, 553-64.97,
65-74.9%, 75-84.9%, 85-94.99, and 95-1004.

When the duration of the chewing stroke or biting stroke expressed
as a percentage of the chewing cycle fell within any of the above men-
tioned groupings it was plotted as part of that group. The frequency of
occurrence of the various percentages were then plotted within cach
class interval. A separate histogram was made for cach Experiment and
these are shown as Graph Il in Part 11l of the "FINDINGS".

In comparing these histograms it was noted that as orthodontic
treatment progressed the frequency of occurrence of the smaller per-
centages (0-25%) decreased, while those of the class intervals Letween

15%,-65% showed an increase. The remaining class intervals on either




side of the 3% -637 range varied from Fxperiment to Fxperiment, ut
remained within the same range. They showed no upward or downward

trend.
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<. Part v

The oiject of analyzing the number of bursts in a chewing stroke
or viting stroke was to ascertain if ther2 were a statistically significant
ditierence cetween the amount of inhibition occurring in the temporal
and masscter muscles during the chewing strokes or iting strokes of
thosc subjects still wearing appliances and those who already had the
appliances removed during the time electromyographic recordings were
takn for this part of the study (Esperiment VII - During the Vinal Stages
of Orthodontic Treatment,) Fleming (1961), in Part V (After the Completion
of Anchorage Preparation) of this longitudinal study, concluded that the
numier of bursts of clectrical activity during a chewing stroke derivaed
{irom the muscles studied, is a reasonably good indicator of the number
of times inhibition had taken place during the chewing stroke, in the
tenmiporal and masscter muscles. Although leming did not actually grove
this Dut daduced this, it will be us>d as a uasis ior this method of
analysis for reasons that will ve explained in the "TISCUSSION",

The num. ¢r of jursts in a chewing stroke or oiting stroke {or cach
of the first three chewing strokes or oiting strokes oi the iour chowing

xercises for all sixteen subjects were counted and & random: sample of




212

one-third of the chewing strokes or iiting strokes for cach subject wers
selected using a tacle of random num. crs. These random samplis wer:
used in this analysis., See "MoTHODS AND MATERIALS™ page Y4,

Since the values ootained were counts and do not {oliow a norma!
districution, they were transformed (the transformation used was the
sguarc root of the ouscrvation plus one) and an analysis of variance
performad on the transformed data.

There were several main effects involved and it was necessary
to set up the data sheet so that the variance ior these main effects could
b calculated. (% sample data sheet showing a portion of the data
appears in "METHOLS AND MATERIALS” oa pags 90.) It was also
neces—ary to include all known variance sources in the analvsis of
variance table, to reduce the size oi the experimental error (residuz)
ay assigning all possiule degrees of frzedom to the known variance sources,

The main cifects listed were as follows: Between appliances
(cetween those subjects still wearing appliances and those with the
appliances alrcady removed), etween sides (right and left), setween
muscles (posterior temporal, middle temporal, and massecter), and

cetween subjects within groups (the groups were those subjocts with

B
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and those subject without appliances). In addition, several of the most

likely interactions were listed. The remaining variance sources were:

between duplicates (duplicate excrcises were used to minimize experi-
sntal error) and residue (experimental error).

Since the two main groups (those subjects with appliances and
those subjects without appliances) 2ach had a different number of subjects
in them, the sums of square for each group had to e calculated
separately and then summed to arrive at the sum of squares for "between
subjects within groups”. (Four subjects had appliances already removed
and twelve were still wearing appliances.)

The Analysis of Variance Table with all the calculations and ¥
values (variance ratios) appears on page 214,

In comparing the mean squares, the mean square or variance
setween duplicates was compared against that of the residue, and since
no significant F value was obtained neither value could ! used alonc
as an crror term against which the main effects and interactions could
e tested for significance so the two values were summed and the
comiined value used as an error term, against which all interactions

and main effects were tested tor significance.

.
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ANALYSIS OF VARIANCE TABLE
SOURCES OF DEGREES SUMS MEAN
VARIAT | ON OF OF SQUARE F

FREEDOM SQUARES
APPLIANCES 1 .96 .96 11.03%*+
SIDES 1 .18 .18 2.07
MUSCLES 2 .31 .16 1.84
SUBJECTS
WITHIN 14 10.63 .76 8.74%sx
APPLIANCES
AxS .09 .09 1.03
AxM 2 .03 .015 172
S x M 2 .06 .05 .345
RESIDUE 72 7.58

1462 . .08

DUPLICATES 9 9.04 168
TOTAL 191 26.88

THE ASTERISKS CORRESPOND TO

FOLLOWS: * TO 5%; **1%; *** TO 0.1%.

THE LEVEL OF SIGNIFICANCE AS




Only two significant | values were obtained. Botween suujects
within groups showad a very significant diffcrence eyond the 001 level
with {ourteen degrees of freedom in the numerator and (63 degrees ol
ireedom in the denominator. This was to u¢ expected since cach groug
was heterogenous duc to the ditferent malocclusions present within cach
zroup and the different treatment stages.

The other significant difference was found to e hetween appliances
(those subjects with appliances and those subliects without appliances).
Here again, a very significant difference existed Leyond the . 00! level
with one degree of {reedom in the numerator and 168 degrees of freedom
in the denominator. This would mean that there was a very significant
difference »etween those suijects wearing appliances and those not

rearing appliances in regard to the number of times inhicition took placs
in the muscles beinyg studied during the chewing strokes or citing strokes,
the least number of bursts per chewing stroke or biting stroke oeing in

the group that already had the appliances removed.
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DISCUSSION

A. General Considerations

In the orthodontic literature much emphasis has been placed on the
idcal placement of tecth in positions which would not only Le esthetically
pleasing, out which would e in harmony with the temporomandi ular
joints and the muscles as well, yvet very little has .een done to show
what is happening to the muscles that move the mandiible during
mastication from the time of the original maiocclusion until all orthodontic
and retentive appiiances have been discontinued. Thisis most important
secause it is the function of the occlusion, which is controlled v the
musculature, that will determine the final position oi the teeth aiter
growth is completed.

Basically then, this study was donc to determine what ziiect, i any,
the change in sensory input due to the changze in the position of the tocth
during, orthodontic treatment, had on the motor output to the temporal
and masseter muscles during mastication. It is hoped that, through a
setter understanding of what is happening to the function of the muscles
governing mandiiular movement, tefore, during, and after orthodontic

[
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treatment, the orthodontist can gain more insight into the problem of the
stability of his results and use a more scientific, rathern than an ampiricaq
ideal to which he may treat his cases.

Since mandibular movements, and therefore mastication, are
controlled by the neuromuscular mechanism, an understanding of the
physiology of this mechanism is important.

It is a well known fact that any force applied to the teeth, no
mattar how slight, is transmitted to the periodontal ligament. The highly
arborized nerve ¢ndings in the periodontal ligament, as- described by
Lewinsky and Stewart (1937), Dependorf (1913), Van der Sprenkel (1936),
Kadanoff (1927), Bernick and Rapp (1957), are the proprioceptors of the
periodontal ligament and are confined to the peripheral part of the
ligament. These specialized end-organs are myelinated. The sensory
receptors for pain, located in the periodontal ligament, are fine nerve
firers which pass to the deeper part of the periodontal ligament and
sreak up into fine ariorization without terminal organs. These afferent
nerve fibers which conduct pain impulses from the periodontal ligament
are principally unmvelinated, although there are a few small myelinated

fibers also present,
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The proprioceptors located in the substance of the muscles are the
neuromuscular spindles, which cousist oi small groups oi attenuated
muscle fivers (intrafusal muscle {ivers) around which the endings of the
g2ns0ry nerve fioers are coiled in a corkscrew fashion. In addition to
these, there are ncurotendinous organs or organs of Golgi, located at the
junction of muscles and tendons and aponcuroses of niuscles. These
consists of small hundles of collagenous fibers.

The special proprioceptive nerve endings located in the capsule
and ligaments of the temporomandivular articulation are the Pacinian
corpuscles, which are much like the Golgi tendon organs, ioth in function
and structure.

The afferent fisers of the spinal nucleus of the trigeminal noerve
modiate pain impulses from the periodontal ligament. The pain impulscs
are conducted over these [filers to the spinal nucleus of the trigeminal
nerve, which extends ifrom the pons down to the upper-most cervical
levils of the spinal cord. These impulses then ascend from the spinal
cord level and are relayed to the cerebral cortex where they are
correlated. The motor cortex is then stimulated, and the musculature

ig activated through an efferent two-neuron pathway.

.-
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The importance of this being that when pain enters into the picture
during mastication the control of the mandioular musculature is on a
more conscious level rather than being reflex in nature.

The afferent proprioceptive impulses arising from the periodontal
lirament and muscles of mastication travel along special pathways to the
mesencephalic root of the trigeminal nerve. Here these impulses can
follow one of two pathways, The first pathway is to form a reflex arc
with the motor ganglion cells of the trigemina! motor nucleus, the two-
neuron reflex arc of the masticatory muscles, as described by Corbin
and Harrison (1940), and Szentagothai and Cajal (:1948). The second
pathway is to continue into the cerebellum and then on to the cerebral
cortex where the impulses can be mediated on a conscious level. The
impulses that synapse to the motor nucleus of the trigeminal, as pointed
out -y Corbin and Harrison, are provably of an inhibitory function, thus
being protective and preventing damage to the teeth and gingivae.

The means used to study the effect of sensory input on the motor
output to the masticatory muscles in this investigation was ¢lectromyo-
graphy.

B. Review of the Longitudinal Study

lectromyographic recordings wére taken of the temporal and
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masseter muscles on sixteen patients with varying types of malocclusions
belore treatment was begun and at various treatment stages. The first
three chewing strokes of two chewing exercises of the right and left
temporal and masseter muscles were recorded electromyographically
for each subject during each treatment stage. These myograms were
then analyzed employing various methods of study.

It is important at this time to described the phases of orthodoatic
treatment, to fully appreciate the findings in this longitudinal study.

Widen (1950, Part I, Experiment 1), recorded the muscular activity
during mastication in the original malocclusion and then in Sxperiment 11
recorded the muscular activity one day after the placement of separating
wires between the teeth. He then compared the myograms of ooth
experiments considering each subject as a separate experimental unit
unto himself. The separating wires were made of brass and wera
inserted between the teeth, wrapped around the contact points, and then
twisted tightly in order to create enough space Letween the teeth to
permit the placement of orthodontic Lands on all of the teeth. Widen
found a definite change in the behavior patterns of the temporal and

masseter muscles twenty-four hours after the placement of separating




I
(3]
et

wirea between the tecth and that thorz was an increase in the duration
of the chewins stroke in seven of the sixteen subjects,

Agahino (1962, Part I, “xperiment 1), in comparing mvosrams takon
on: week after the placemant of scparating wires Lotween the tecth with
those taken on the original malocclusion, showed leas variability with the
original records than ‘xperiment I and attricuted this ro adaptation on the
part of the neuromuscular mechanism.

Shanahan (1960, Part I'l, Experiment 1), comparad myog:;rams; taken
onz week after the placement of the first archwires with the pretreatioent
racords. During the time between this oxperiment and the last oxnperi-
ment (Feperiment 1) the separating wires were removed and orthodontic
cands were cement2d onto the teeth and then the first orthodontic arch-
wires were placed. These archwires bepin to mitiate tooth movement
and change the axial inclination of the teeth and also the relation of the
opposing occlusal surfaces of the teeth to 2ach other. CShanahan found
4n altered pattern of muscular behavior as comparced with Zxperimoent !
and that the suljzcts in =xperiment [V that showed a change in muscular
Lehavior presented myvograms with an increasc in the duration of the

chawing stroke and in the numoer of bursts of <lectrical activity, ez

i




also found that the initiation of chewing activity on the part of the
teimporal, especially the posterior temporal, increased while that on dw
part of the masscter decreased. He attrituted these changes to alterad
periodontal proprioception. These findings indicate that the subjocts
were using mor: caution during mastication, since the numior of bursts
indicate the numoer of times inhibition had taken place, and an increasc
in the duration of the chewing stroke indicated that tho surjocts weru
chewing with more caution. The lessenad participation on the part of
the masseter in initiating chewing activity is logical too,. as the main
tunction of this muscle is power, which was not needed at this timic.
Zylinski (19561, Part IV, Experiment V), comparsd myograms tak:n
during anchorage preparation (six to eight weeks after placemunt of tho
first archwires) with the pretreatment records. However, rather than
comparing just thuse two stages of treatment, ylinski and Fleming
re-evaluated all of the data {rom the previous cxperiments Lecause at
this time thers was sufficient data to employ meaningful statistical
analysis. This meant that, not only did they compare each suiject with
himseli during the different stages of treatment as the original threo

investigators did, cut they pooled the data irom all sixteen subjects in
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cach experiment and comparad the different oxperiments with one another,
This, in essence, was a comparison of muscular activity duriny the
diiferent stages of orthodontic treatment. This reappraisal of the previous
data brouzht out statistically, that the preatest numioer of ursts ina
chewing stroke, and thorefore the greatest amount of inhiiition up to that
time occurred in Bxperiment 1T (Asahino) one waek after the placement

of separating wires between the teeth, “ylingki attrivuted this to the

nain caused by the damage to the periodontal lizamont created v this
axcessive force and since pain takes the “i{inal common pathway” in
pracedence over proprioception, the inhilition that occurred was a result
of this pain.

During the time that had intervened betwesn Fyperiment V and
~iperiment IV the posterior teeth had iwen uprighted and the anterior
tooth position and alignment had een changed. “vlinskl found a small
incrzase in the numoer of “ursts, a definite increase in the duration o
the chewing stroke and a marked increasc in the occurrence of
synchronous initiation of the chewing activity as compared to the first
oxperiment. He concluded that pain was far more instrumental than

sroprioception in oovious changes in the motor Lehavior of the masticatory
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muscles and that there was a change in the division of labor atween the
masseter and temporal muscles, the temporals ecoming more active and
the masseters becoming less active in initiation of chewing activity as
treatment progressaed.

Fleming (1451, Part V, F«periment VI) comparzd the myograms
taken at the completion of anchorage preparation (twelve to sixteen weoks
aiter the placement of the {irst archwires) with all the myograms taken
up to that point in the longitudinal study, as well as with those takon in
sxperiment 1. At this stage of orthodontic treatmoent the posterior tesoth
had teen uprighted and tipped distally, the maxillary teeth ceing tipped
distally approximately five degrees {rom the perpendicular and the
mandivular teeth approximately eight degrees distally from the perpen-
dicular for the purpose of opening the occlusal vertical dimension.
tleming found a decrease in the numoer of times synchronous activity
oi the three musclus initiated the chewing cycle, from Gxperiment V,
which he attributed to the distal tipping of the previously uprighted
posterior tecth, a decrease in the participation on the part of the
masseter muscics and an increase in the participation on the part of

the middle and posterior temporal muscles in the initiation of chowiag
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activity and an increase in the duration of the chew:.ng stroke all of which
he attributed to painful caiperiences during mastication. He also concludad
that the numuver of bursts in a chewing stroke is a reasonaole indication
oi the number of tises inhicition had taken place in the muscles being
studied.

itself with the final stages of orthodontic treatmient. [t is necessar. to
explain here, that this part of the study differed from the other previous
parts in that, up to this time «ach subject was at the same stage in
treatment when records were taken for each experimaont, at during the
time the electromyographic recordings were taken in this experiment the
subjects were in ditierent final stages of treatment. Some of the suvjects
already had the appliances removed (four subjects) and were on iunctional
retention, while the remaining (twelve subjects) were still wearing the
active appliances. (i the twelve sub;ects weaaring the active appliances
six subjects were at the stage of carrecting the Class Il molar relation,
four suvjects were at the stage of consolidation of the spaces etwzen
the anterior tecth, and two suijects were at the stage of lingual tipping

of the roots of the upper incisor teeth (U'torquing ).
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During the final stages of treatment the mandioular tecth had less

oi 4 disto-axial inclination than at the completion of anchorage preparation
Experiment VI) due to the mesial and upward force placed on themn from
the Class Il type elastics, as all subjects at this time, either had already
worn thege elastice or were still wearing them. The fact that the
mandibular teeth were more upright at the time recordings were taken
in this experiment would mean that there was less occlusal interference
due to cusp to cusp relation of upper posterior with lower posterior teeth
and therefore less pain and tenderness in the posterior teeth. The
exception to this would be in those cages in which the Class Il molar
relation was being corrected and the maxillary and mandibular molars
were riding cusp to cusp or almost cusp to cusp as the distal inclined
planes of the maxillary first molars were being moved distally up the

¢gial inclined planes of the mandibular first molars. At this stage oaly
the molar teeth would ¢ in occlusal contact and would be hearing the
srunt of the occlusal force during mastication, thus, we would expect to
find the sensory input irom the periodontal lizament of these teeth to
have a marked efiect (inhibitory, protective) on the motor output of the

temporal and masseter muscles.
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In those subjects whose teeth were undergoing space closure, or
consolidation of the mandiiular and maxillary anterior teeth, the Class 1]
molar relation would have already been corrected and there would e a
more normal inclined plane relation Letween the mandibular and maxillary
posterior teeth with more teeth bearing the force from occlusion during
mastication. The posterior teeth at this time would also (e in a more
ideal axial inclination mesiodistally, thus, there would be a tendency to
have fewer occlusal interferences or cuspal interferences and the force
{rom occlusion during mastication would e distributed over a greater
number of tecth. This would mean that the subjects were undergoing
less pain and discomfort during mastication and that chewing, once
initiated would be under the control of reflex from impulses from the
proprioceptors in the periodontal ligament rather than ov impulses from
the pain receptors {(which, as shown by “vlingki, 1961, take precedence
over the proprioceptive impulses in the “final common pathway’, causing
the muscular movements to be on a more conscious level,)

In those cases in which the upper anterior teeth were having their
roots tipped lingually (torqued) there would e the same relation of the

posterior teeth (mandibular and maxillarv) to cach other as in the previous
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instance.

In the suijects who already had the active orthodontic appliances
removed, the tooth to tooth relation and inclined plane to inclined plane
relation is markedly improved. The reason for this being that when
appliances are on the teeth and an archwire placed in the vrackets it is
virtually impossible to have the teeth and inclined planes in periect occlusal
interdigitation duc to the discrepancy of Lracket height on the teeth in
relation to cuspal and ofssa height. Once the orthodontic appliance is
removed and functional retention instituted the tecth are permitted to "settle”
into occlusion through function creating a more nearly perfect cusp to fossa
and inclined plane to inclined plane relation. In addition to this the posterior
teeth tend to assume a more tavorable axial inclination, mesiodistaliy
duc to the angle of the occlusal surfaces in relation to the roots of the
teeth thus, causing the crowns of the posterior teeth to move meoesially
until their long axes are parallel to the force of occlusion. This beiny
the case, we would expect a minimum of interferences in the occlusion
and that chewing, once initiated would be under the control of reflexes
(Sherrington, 1917) by impulses from the periodontal proprioceptors,

showing a pattern of muscular activity which would exhibit less inhibition.
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These axial changes and occlusal changes in the position of the
tcoth, as shown by Jarabak, 19534, Moyers, 1950, Perry, 1935, Widen,
1940, Asahino, 1960, Shanahan, 1960, 7ylinski, 1961, Fleming, 195i, and
othors, alter the input to the sensory receptors (proprioception, touch
and pain) in the periodontal ligament and since these regulate, ina large
measure, the motor behavior of the temporal and masseter muuscles, it
was felt that changes in the electromyographic behavior of the muscles
would occur, as orthodontic treatment and tooth movement progressed.
C. Interpretation and Fvaluation of the Uindings

Listing and Zvaluating the Characteristics of the Myograms for

each Individual Subject in Experiments ! through VII.

The object of this method of study was to note the changes in the
electromyographic iehavior of the muscles for each individual subject
during the various stages of orthodontic treatment and to see if any
zeneral trends would evolve in the pattern of muscular behavior from
experiment to experiment or, as it were, from treatment stage to
treatment stage. As this method was the method of study employad by
the first three investigators (Widen, Asahino and Shanahan, 1960) in this

longitudinal study, when each subject was considered a separate oxperi-
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ental unit unto himself, the author felt that this should e continued to
o.serve what happened to the muscular tehavior of each individual as
treatmant progressed. It was hoped that some general trend may evolve
and that the exceptions to this trend could oe explained, thus, adding to
a setter understanding of the nature of occlusion and its etfect on the
muscles that move the mandiole.

tach of the characteristics that were evaluated gave some clue as

to what was happening to the muscles during the various trecatment stagos.
Amplitude, although affected by many variables, gave some indication of
the magnitude of iforce that was employed in masticating the cough drop,
the number of bursts and nodes (as shown by Fleming, 1961) is a reason-
aibly good indicator of the numier of times inhivition has taken place
during the chewing stroke, the rate of onset and rate of ending of
activity gave some indication as to the type of chewing stroke used
(as Pruzansky, 1752 showed, the short ballistic type of chewing stroke
with a rapid tuld up and rapid decline was characteristic of those
occlusions in which there was interference in the cuspid region preventing
lateral excursions), duration of chewing stroke could show the relative
amount of time the subjoct had his jaws actively closing, sustained low

N




231

amplitude was an indication of any spasmodic activity in the muscles
veing studied, interim activity could pe attricuted to the myotatic, or
stretch reflex when the jaws were opened maximally these may well e
stabilizing contractions as described by MacDougall and Andrew, 1953,
and initiation of chewing activity gave an indication of the division of
labor between the muscies being studied.

In general, most of the subjects showed more inhibtition and less
svnchrony in initiation of chewing activity {from the timo of the original
malocclusion through the placement of the first archwires, with one wesk
after the placement of the separating wires showing the greatest change
in the muscular'imhavior and the greatest amount of inhivition as shown
by Fleming and Zylinski, 196i. This can be ¢xplained by the fact that
in most instances in the original malocclusion, the teeth were ina
position dictated by function and the learned behavior pattern of the
musculature caused the mandible to circumvent occlusal interferences.
The orthodontic movemsnt of these teeth upset the neuromuscular
equilibrium. These two characteristics of the myograms (synchrony
and inhibition or noding) gave the uest indication of changes taking placc

in the behavior of the musculature.
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Again, for most of the patients, there was a change in the behavior
pattern of the muscles being studied during anchorage preparation where
the posterior tecth were being uprighted and tipped distally, During
this time the clectromyograms showed less inhibition, more synchrony in
initiation of chewing activity and a slight increase in amplitude. This
could he attributed to the fact that in most malocclusions the molar teeth
are in a mesio-axial inclination and during the time c¢lectromyographic
recordings were taken for that part of the study these teeth had been
uprighted to a more normal axial inclination. Another fact too, that should
not ¢ overlooked is that the damage to the periodontal memobrane done by
the separating wires had probably veen reparied by this time and, thus,
the painful experiences during mastication had also disappeared so that
once again the periodontal proprioceptors were guiding the mandialar
musculature by means of the two-neuron reflex arc in the mesencephalic
root of the trigeminal nerve. This was pointed out oy Zylinski and
Fleming (1961), in Parts IV and V of this study.

In general, for most of the subjects, the muscular pattern of
sehavior began to necome more unfavorable aftzr the anchorage preparatio?

was completed, as shown by Fleming (19561), and there was more inhibition

I
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and more of a "searching pattern” (described by Perry, 1933) during

mastication iecause at this stage of treatment the mandibular molars

had been tipped distally so that the mandibular and maxillary molars

were striking cusp to cusp and were in most instances, the only teeth

in occlusal contact, and therefore, exhibiting pain and tenderness during

mastication, and bringing mandibular movements under conscious control.
.

During the final stages of treatment, in thoge cases where the
Class Il molar relation had already een corrected there was a decrease
in the number of times inhibition had taken place, an increase in the
number of times there was synchronous initiation of chewing activity and
an increase in amplitude, and even in some cases a disappearance of
sustained low amplitude activity which had been present previously, in
some of the muscles,

Those subjects who were still under going Class Il molar correction
showzd, ior the most part no obvious change in the pattern of muscular
schavior as compared with the previous stage of treatment.

These generalizations held true in almost all instances except
in two subjects, namely, subjects number eight and sixteen. Subject
number eight was a two upper first bicuspid extraction case with no
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tezth extracted in the mandibular arch. Subject number sixteen, belore
treatment was begun, had soth mandibular first molars missing, and
for treatment purposes the two upper first bicuspids were extracted.
Both of these subjects were being treated to a full Class Il molar relation,
that is, the disto-buccal cusps of the maxillary {irst molars were seated
into the buccal groove of the mandibular first molars (or as in the case
of subject numuer sixteen, into the buccal groove of the mandi ular
second molar, as these second molars were brought forward into the
mandibular first molar position). These teeth were not designed by
nature to occlude in this relation and occlusal interferences procaily
altered the periodontal proprioception in these cases causing the temporals
to initiate chewing activity as these are the muscles that guide the
mandible into position during mastication. It will e interesting to sce
if the pattern of muscular behavior will be altered after these two cases
have had the active orthodontic appliances removed.

Up to this point in the orthodontic treatment, we can see that a
change in the axial inclinations of the teeth does affect the motor output
to the muscles of mastication (temporal and masseter muscles) as pointed

out by Jarabak, 1934, Moyers, 1950, Fleming and Zylinski, 1701, and

.
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others. The change in the muscular tehavior pattern oeing a tendency
to xxhibit more inhiiition and caution in mastication when the periodontal
licament has been damaged as when separating wires were placed
setween the teeth or when the mandicular posterior teeth have leen
uprighted and distally tipped causing a cusp to cusp relation of the
mandibular and macillary first molars which in turn caused them to
s2ar the "load” of the occlusal forces during mastication and iecome
painful and tender, or when a similar situation cxists as during the
correction of the Class Il molar relation. The behavior of the muscular
pattern improved, or the subjects “adapted” six to eight weeks after
anchorage preparation was started (Zylinski, i961) because the teeth
were in a "more normal” axial inclination than they had been previously.
(By “more normal” it is meant that the axial inclination of the tecth was
such, that they were parallel to the forces of occlusion thus transmitting
these forces to their periodontal ligaments as a tension rather than as a
pressure on the periodontal ligaments in certain areas and also as a
pregsure on the cribiform plates of the alveoli. ™hen the teeth have
their long axes parallel to the forces of occlusion this also permits

their cusps and fossae to imterdigitate correctly because of the angle

.o




vetween the occlusal surfaces and the long axes of the teeth.) The same
held true during the final stages of trcatment as, once again, the axial
inclinations and interdigitation of the teeth presented less occlusal
interferences allowing proprioception rathern than pain and therciore
reflexes rather than conscious control to govern the manditular move-
ments.

Analysis of the Initiation of Chewing Activity

The oliject of this method of study was to ascertain any trends
that may have occurred in the division of lavor between the different
muscles, or muscle groups being studied, All possible comiinations of
these three muscle pairs were studied. The trend seemed to indicate
an increasing participation of the part of the comuvination of the middle
and posterior temporal muscles, from Experiments I through VI, but in
“iperiment VII the trend changed and although initiation of the chewing
cycle on the part of the masseters continued to decrease, so did
initiation of the chewing cycle on the part of the middle and posterior
temporals. It was at this point that the concurrent activity of all three
pairs of muscles took over the initiation of chewing activity. The
remaining four comuinations of muscles showead little change throucshout
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treatment, except for the posterior temporal alone which increased only
during anchorage preparation and then dropped to its previous range
after anchorage preparation was completed.

To understand this phenomenon one must f{irst taken into consideration
the function of the muscles involved. Since the temporal and masseter
muscles have diiferent primary functions (positioning, and power), it
was believed that the changing occlusal relations of the teeth during
orthodontic treatment might possibly cause a change in the functiona!l
requirements of the mandiiular musculature, For example, if mors
power is needed ior the masticatory stroke, the masseter musclcs will
ve the muscles called upon to provide the power., Therefore, they
would be expected to negin activity earlier than if ther power function
was not needed.

According to Moyers (1950), the masseter initiates chewing activity
in most Class [l Division I malocclusions and this is exactly what has
acen shown here since most of the subjects in this study presented with
Class Il Division i malocclusions. The decrease in the numner of times
the masseters initiated chewing activity {rom the oLeginning of treatment

and the increasc in the numoer of times the middie and posterior
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temporals initiated chewing activity is explainavle <cause as treatment
progressed there were certain stages of treatmoent where occlusal
interferences were created and where the tecth (ecame sore and tender
as descrived previously. In these instances the power function of the
masseter was not neaded. Only in those instances during orthodontic
treatmant where the axial inclinations and interdigitation of the té::eth
was good (for instance, during anchorage preparation, where the posterior
teeth were uprighted from their previous mesio-axial inclinations) did
the masscter come into play and then this was in synchrony with the
middle and posterior temporals. This was shown in Xxperiment VI
during the final stages of orthodontic treatment where the axial
inclinations of the teeth and occlusal interdigitation was more favoranls
than at any other time during treatment, initiation of chewing activity on
the part of the masseters alone and the temporals alone dropped off
sharply but synchronous or concurrent initiation of activity of all three
muscle pairs increased sharply.

The muscle compinations studied that did not show any change or
minimum change during treatment can i explained on the bhasis that

they were comdiinations of either middle or posterior temporal with the
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masseter orthe posterior temporal alone, and since only one iraction
alone of the temporal doss not normally or physiologically work by itself
(with the exception of the posterior temporal) and the masseter does not
work only with one portion of the temporal, these combinations remained
minimal in initiation of activity throughout the studv. At one point however,
the initiation on the part of the posterior temporal did increase. This
was during anchorage preparation.

Whenever the axial inclinations and inclined plane relation of the
teeth was such that the forces of occlusion were parallel to the lons
axes of the teeth the sensory receptors interpreted this as meaning that
a more satisfactory axial inclination of the teeth had been attained.
These two factors, expressed by impulses irom the sensory receptors in
the periodontal ligament and integrated by the mesencephalic root of the
trigeminal nerve, reflexly controlled mastication 1y efferent impulses to
the masseter and temporal muscles (Sherrington, 1917). On the other
hand, whenever occlusal interferences were present and the teeth were
tipped to an axial inclination whereby the forces of occlusion were not
parallel to the long axes of the teeth, masticating on a hard substance

such as the cough drop probably stimulated the pain receptors in the
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periodontal memorane. These pain impulses, mediated by the spinal
nucleus of the trigeminal nerve and integrated with other afferent
impulses in the post-central gyrus of the cerebral cortex, caused the
trigeminal motor aucleus to alter the efferent impulses to the masseter
and temporal n:uscles. This was the manner in which the nervous
system prevented the experience of additional painful stimuli. A similar
inhibitory mechanism was opersting over the two-neuron reflex arc
mediated by the mesencephalic root of the trigeminal nerve., The
inhiition mediated in the mesencephalic root was also a protective
mechanism preventing damage to the tzeth and surrounding structures.
Through the medium of these two pathways (pain and proprioception) the
efferent stimuli to the masseter and temporal muscles were alterad
(Coruin and Harrison, 1940, and Szentagothai, 1948).

Analysis of the Duration of the Chewing Stroke (Biting Stroke)

Expressed as a Percentage of the Chewing Cycle.

The object of analyzing the chewing stroke or pniting stroke as &
percentage of the chewing cycle in cach experiment for all sixteen subjects
was to see what effect, if any, the different stages of orthodontic treatmivnt

had on the length cf the chewing stroke or uiting stroke to see what the
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trend was as orthodontic treatment progressed. Using the Chi Square
Test to evaluate the data, significant differences were found to exist

between the distrioutions of the different durations of the chewing strokes

or biting strokes in aill of the experiments up to this time. [n addition to

this significant differences were found to exist for the distributions of

these durations between Experiments I and VI and VI and VII. All this
would mean is that the distribution of the frequency of occurrence of
the various percentages (percentages of the length of the chewing strokos
or niting strokes in relation to their chewing cycles) changed in shape
from experiment to experiment. This I8 evident when one looks at the
histograms made from these data for each separate experiment (sce
pages 207 to 210 Graph I in Part Ul of "FINDINGS™). In looking at these
histograms we can see that the distribution of these percentages docs
change, as the base of the histograms becomes narrower up to Zxperi-
ment I, In Experiments [V and V the base becomes wider, but not as
wide as in Experiment I. In Experiment VI the base of the histogram
fecomes narrower again and then broadens slightly in Experiment V1I.
The greatest frequency of occurrence throughout the catire study is

of the percentages (of the chewing stroke or uiting stroke) between 37
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and 657 as shown on these histograms.

In analyzing what is happening here, it must he taken into consider-
ation that as one percentage range increases, one or some of the others
must decrzage. It is 2vident that as treatment progresaes, the shortest
chewing strokes or biting strokes (0-137, and 15-257) decrease in
{frequency of occurrence or disappear entirely, the logical conclusion
being that as orthodontic treatment progresses the chewing strokes or
biting strokes become longer and in previous experiments this was
attributed to inhibition occurring during mastication. But, as pointed out
tefore, the greatest frequency of occurrences was of those percentages
(of the chewing stroke or hiting stroke) between 459 and 6%7. The
frequency of this range of percentages (of the chewing stroke or biting
stroke) remained high throughout the entire study from Experiment |
through Experiment VII. In Experiment 1] it reached its highest point.
This percentage range also accounted for the majority of percentages
in Experiment 1 (The Original Malocclusion). The very longest percentages
fluctuated throughout the entire study, hut did not show any trend and
remainad approximately within the same range of frequency of occurrence.

MNow, if the length of the chewing atroke or hiting stroke tended to
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increase as a resuit of inhisition in the muscles during mastication then
we would expect to find a much longer chewing stroke or biting stroke
in the experiment, or treatment stage, in which the muscles exhibited

the greatest amount of inhiuition aind a shorter chewing siroke in the
experiment, or treatment stage, in which the muscles oxhibited the

least amount of inhiuition., This did not occur. These were Experiments
Il {One Week Aiter the Placement of Separating Wires Between the Teeth)
and VII (During the Final Stages of Treatment) respectively. In these

two experiments the greatest frequency of occurrence was of those
percentages between 157 and 55%. The ouly eiplanation for this phenomeonon|
would be that a long, hard chewing stroke or biting stroke, one that

would have a forceful and definite biting pressure, where the subject
would Lite entirely through the chewing medium, may be as long as an
indefinite, searching and inhibited chewing stroke or biting stroke, where
the subject could not uite through the chewing medium. It muat, thereiore)
se concluded that the length of the chewing stroke or biting stroke
expresscd as a percentage of the chewing cycie is not a relianle indicator
of the amount of inhisition taking place in the muscles being studied

during the act of mastication. It is a possibility, from the picture
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presented by these histograms, that the habitual length of the chewing
stroke or biting stroke is between 5% and 637 of the entire chewing
cycle and it does not seem to o affected by sensory reception {rom

the periodontal ligament 30 that regardless of the amount of caution
exhiiited during mastication, when the jaws have been actively closed

159 -637. of the chewing cycle they are opened, in much the same manncr
that the number of chews given a bolus of food is determined by habit
regardless of the efficiency of the dentition as shown by Paulsen and
Clausen, or as Dahlberg showed, the habits of mastication remain the
same after the loss of teeth.

The disappearance of the shortest chewiny strokes or biting strokos
from the time of the original malocclusion as treatment progressed could
ne explained on the basis of Pruzansky's (1952) findings, where he showed
that in cases of interference in the cuspid region, preventing lateral
excursions the chewing stroke was of a “chopping” nature showing up
electromyographically as a3 myogram with a rapid build up and rapid
decline. The frequency of occurrence of these vary low percentages
was small and could be autribtuted to those subjects having Class 1

canine relations that were prevented from going into lateral excursions,
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this condition ieing corrected as orthodontic treatment progressced.

Analyzing the MNumber of Bursts in a Chewing 5troke (Biting Stroke)

The object of analyzing the number of vursts in a chewing stroke
or uiting stroke, was to ascertain if there was a statistically significant
difference hetween the amount of inhibition occurring in the temporal
and masseter muscles during the chewing strokes of those subjects still
wearing appliances and those who already had the appliances removed.
Fleming (1961) concluded that the number of bursts in a chewing stroke
was a reasonably good indication of the numier of times inhibition had
taken place in the muscles studied.

It should be mentioned here that Fleming (1961) did not prove the
ai:ove conclusion, but that this was a logical deduction based upon the
electromyographic recordings he outained. This author agrcees with
Fleming on the pasis that since the number of oursts of electrical
activity in a chewing stroke or hiting stroke is dependent upon the
numbier of nodes (arcas of brietf low or zero amplitudes during the
siting stroke) and these nodes most probably represent a slowing or
“praking’ action of the masseter and temporal muscles during iting,

the numoer of bursts (or for that matter the numuer of nodes) in a chewing
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stroke or biting stroke could possibly represent inhibition in the muscles
during mastication.

It can be argued that "nodes" could be due to the fact that the
recording electrode is small and that it is placed on only one small
area of the muscle and that this phenomenon of "noding' appearing on
the myogram may be due to cessation of activity in the part of the
muscle directly under the electrode while activity was still proceeding
in a different part of the muscle too far away for the electrode to pick
up the a ction potentials, If this were true, that an alternate firiug of
muscle fibers took place in different parts of the muscle at such a low
frequency during mastication, then it would be virtually impossible to
obtain a tracing of a chewing or biting stroke on the electromyogram
without a node. Since many chewing or biting strokes were obtained that
were of single bursts of electrical activity without noding, the above
argument can be refuted. Therefore, the author assumes that the most
logical explanation for the presence of these nodes in the myogram
during mastication is that they are an indication of inhibition taking place
in the muscle during the act of biting through the chewing medium and

that the number of nodes or bursts of electrical activity in the chewing
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or biting strokes is an indication of the numouer of times Inhibition has
taken place.

The comparison was made between these two groups of sub.ccts in
“xpaeriment VI, four of the subjects already had the appliances removed.
The findings indicated that a statistically significant difference did exist
setween these two groups at the . 001 level of significance. This would
mean that there was a very significant difference in the amount of
inhibition occurring in the chewing strokes between those patients under-
going active treatment and those whose appliances were removed and
were on functional retention. This is largely what would be expected
secause after the appliances have been removed there is a more
favoraile axial inclination of the teeth and less occlusal interfercnces.
Also the irritation of the supporting structures of the teeth was
reduced because of the removal of the appliance. All these factors
allowed the act of mastication, once initiated, to be under the control
of the reflex mechanism of the two-neuron reflex arc of the mesen-
cephalic nucleus of the trigeminal nerve, in thoss subjects no longer

wearing appliances.




CHAPTER
SUNMMARY AND CONCLUSIONS
A. Summary

This study was the sixth part of a longitudinal electromyocraphic
investigation to determine what effect a change in sensory input to the
periodontal sensory receptors (pain, pressure and proprioception), due
to orthodontic tooth movement, had on the motor output to the temporal
and masseter muscles, Flectromyographic recordings were taken before,
during and after orthodontic trcatment,

The orthodontic procedures used in this study are distinguished
from other orthodontic procedures, in that, light forces gencerataed from
highly resilient small diameter wires and light latex clastics were used
as a4 means to cffect tooth movement,

Sikteen subjects presenting varying types of malocclusions (threc
neutrocclusions and thirteen distocclusions) constituted the heterogenous
axperimental group. The first three chewing strokes of two chewing
exercises of the right and left temporal and masseter muscles {(consider-
ing the ipsilateral side only) were recorded electromyographically for

cach supjoct during each treatment stage., These electromyograms weare




245

then analyzed, studying various characteristics and employing a number
of methods of study. The chewing medium used was Vicks cough drops.

This part of the study dealt with the electromyographic recordin:s
taken during the final stages of orthodontic treatment. This was defined
as the correction of the Class Il molar relation (in distocclusion cases),
space closure between the anterior teeth (consolidation), lingual tipping
of the roots of the maxillary anterior teeth ('torquing”) and the final
"seating” of the cusps and Inclined planes of the teeth into occlusion.

The findings from this part of the study (during final stages of
orthodontic trecatment) were compared with the findings previously
o.tained by the earlier investigatore in this longitudinal study for the
purpose of ascertaining any trends that may have occurred in the behavior
patterns (detected electromyographically) of the muscles being studied,
during orthodontic treatment. FElectromyographic recordings ware taken
this far in the longitudinal study during the following stages in the
treatment of these malécclusions:

Experiment | Original Malocclusion.

Experiment 11 Cme Day After Piacement of Separating Wireg

Between the Teeth.
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Experiment [11  One Week After Placement of Separating Wires
Between the Teeth,

Bxperiment IV One Week After Placement of the First Archwire,

Lxperiment V. During Anchorage Preparation.

fixperiment VI After Completion of Anchorage Preparation.

Experiment VII  During the Final Stages of Orthodontic Treatment.

Additional electromyographic recordings will e raken and analyzed
'y other invesgtigators to treatment completion in order to complete this
longitudinal study.
B. Conclusions

1. Greater inhibition, as indicated Ly nodes and ursts, was
exhibited oy the temporal and masseter muscles, m‘the act of mastication,
during any treatment stage where the long axes of the teeth were no{
parallel to the forces of occlusion or where occlusal interferences
existed.

2. DDamage to the periodontal ligament, from any cause, resulting
in pain tends to cause the greatest amount of inhiuition in the temporal
and masseter muscles during mastication.

3. The electromvographic behavior pattern of the muscles studicd
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improves markedly during the final stages of orthodontic treatment after
the Class I molar relation (or distocclusion) has peen corrected. This
is shown by a dacrease in inhibition (or noding) and an increase in con-
current initiation of chewing activity hy all three muscle pairs studiad.

4. During the final stages of orthodontic treatment there is a
definite change in the division of labor between the masseter and temporal
muscles, as shown by the large increase in synchronous initiation of
chewing activity by thege muscles. The trend up to this point had Lee
one of decreasing participation on the part of the masseters and
increasing participation on the part of the middle and posterior temporal
muscles. At this point the masscters became more active in initiation
of chewing activity, but in conjunction with the temporals.

5. There is a tendency for the majority of the chewing strokes ov
viting strokes to ix Letween (37 and 657 of the chewing cycles., This
may well be the havitual length of the chewing stroke or biting stroke.

6. The very short chewing strokes or uiting strokes (0 to 257) tend
to disappear as orthodontic treatment progresses, This is prona.ly due
to the correction of cuspid interfercnces which had been present previously

and prevented lateral oxcursions and resulted in a "chopping™ like chewing

[N o




stroke, v some of the suijects in the carlier eiperiments.

7. The lenuth of the chewing stroke or iiting stroke is not 4 voiy
roiiai-le indicator of the amount of inhioition taking place in the masscter
4nd temporal muscles during mastication, ecause it does not vary in
proportion to the d4mount of inhivition exhitited during the chewing stroke.

8. There is a statistically significunt decrease in the amount of
inhizition (as indicated Ly bursts and nodes) taking place in the temporal
and masseter muscles, during mastication, after orthodontic appliances
are removed.

9. Those subjects ceing finishoed in a full Class 1 molar relation
cxhicited more inhibition (or noding) during mastication in the final stages
of orthodontic treatment, than those ueing {inished in a Class | molar

relation (neutrocciusion).
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